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PREFACE. 



This translation of Classen's work has been made 
with a view of presenting to the American student of 
Chemistry a compact and thoroughly useful manual of 
quantitative analysis. 

The aim of the author has been to teach this subject 
by means of examples — commencing with simple deter- 
minations followed by separations, including quite a 
number of important alloys, and then advancing to the 
analysis of minerals and such products as are met with 
in the many departments of applied chemistry. Th^ 
methods employed in the various determinations and 
separations are such as can be used at all times — care 
having been taken to exclude all that have but a very 
limited use, and such as have proved on trial to be 
devoid of practical merit. 

This work has been adopted as a text-book in the 
laboratories of almost all the prominent German univer- 
sities and polytechnic schools, and has taken rank by 
the side of the older and larger works on the same 
subject. Among practical chemists, too, it has quite 
an extensive circulation. In 'France, Russia, and 
Poland, where translations have appeared, it has been 
no less favorably received ; and in this country, with 
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those who have employed the work in the original as a 
guide in laboratory instruction, it has become quite 
popular and been very highly comnrended. 

Here and there throughout the work the translator 
has taken the liberty of making additions ; these are 
distinguished from the original text by being inclosed 
in brackets. 

To all who kindly furnished suggestions and methods 
in reply to letters and specimen sheets issued more 
than a year ago, the translator would return his sincere 
thanks. 

Laboratory op the University op Pennsylvania, 

August, 1878. 
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QUANTITATIVE ANALYSIS 



Calcium Carbonate. 
Calcite — Marble — CaCO,. 

Merely the estimation of the calciam will be here 
required.* For this purpose 0.3—0.4 grm. of the pulver- 
ized substance, previously dried at 100° C, are placed in 
a beaker of about 200 C. C. capacity, and solution effected 
by the addition of dilute hydrochloric acid. The acid 
solution is largely diluted with water, and to this ammo- 
nium hydrate is added until the liquid yields an alkaline 
reaction. The calcium is now precipitated as oxalate. 
To the warm solution is added ammonium oxalate in 
moderate excess, and the beaker then put in a warm place 
until the precipitate has fully subsided, which will require 
at least twelve hours. After filtering off the calcium 
oxalate wash it perfectly with hot water, and, when dry, 
convert it either into carbonate or oxide. To estimate 
the calcium as carbonate heat the bottom of the crucible 
containing the oxalate to faint redness for about five 
minutes. After cooling weigh, and then moisten the 
residue with a few drops of ammonium carbonate to con- 
vert into carbonate any caustic lime that may have been 
produced. This operation must be repeated until a con- 

* The determination of carbon dioxide in carbonates will be 
discussed on p. 33. 
2 



14 COPPER SULPHATE. 

stant weight is obtsuned. For the conTersion of the 
calcium carbonate into oxide ignition over a blast lamp 
is all that is necessary. Constant weight, however, must 
be obtained. Ignite at first bnt ten minutes, then notice 
whether upon continued heating the weight diminishes. 
CaCO, : Ca : : wt. CaCO, : x or 
CaO : Ca : : wt. CaO : x. 



Ck>pper Sulphate. 
CuSO^ + 5H,0. 






Copper Deierminatiofu — First method. INssoItc about 
1 grm. of the above salt in water, and bring the solution 
to boiling in a pcMx^elain dish. Sodium or potassium car- 
bonate is now added in slight excess, and the ebullition 
continued for some time. When the precipitate has sub> 
sided the dear supernatant liquid is decanted, and hot 
water poured over the precipitate and this again boiled. 
This operation is repeated until almost all the alkali pre- 
sent has been removed, and the precipitate then transferred 
to a filter and washed with boiling water. Continue the 
latter operation until a drop of the filtrate evs^mrated upon 
platinum foil no longer leaves a residue. After drying 
the cupric oxide thus obtained separate it carefully from 
the filter and place it in a porcelain crucible. The filter 
itself is incinerated upon the crucible lid. The crucible 
with its contents is ignited over an ordinary Bunsen lanip 
until the weight remains constant* 

[Second method. After dissolving the salt in water 
pass hydrogen sulphide gas through the acidulated solu- 
tion. The copper is precipitated as sulphide, and, afier 
standing a short time, mav be transferred to a filter and 
slightly washed. The dry precipitate is placed in a pla- 
tinum crucible, the filter ash added, and then upon this 
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are placed a few drops of ctmoentrated salphmic acid, an 
eqoal amount of water and a small pwtion of strong nitric 



The crocible is gradaallj heated npon a hot iron plate 
and the excess of acid evs^mmted, leaving finallj pnre 
c<^>per sulphate, which may be weighed as such ; w, the 
crucible is heated stronglj oTcr a Bonsen burner and 
cupric oxide formed. The crucible should be eoTered 
during the operation, and the salt stirred fitmi time to 
time with a platinum wire. The method was proposed 
hj Dr. Genth, and aflR>rds accurate results. The amount 
of copper in cu^e oxide is readil j calculated (run the 
fcvmula — 

CuO : Cu : : wt CuO : ac] 

SmlpJmrie Acid Deierminaiion, — This is based upon 
the insdobilitj of barium sulphate in hot water and 
strongl J dfluted acids. The acid in this compound is esti- 
mated bj diagolving about .5 grm. of the salt in water, 
acidulating the solution with a few drops of hydrochloric 
acid and boiling. Barium chloride is added as long as a 
precipitate of barium sulphate is formed, and the solution 
boQed and stirred for some time after complete precipita- 
tion has been effiscted. Proceed as above described, when 
the barium sulphate has settled, washing the precipitate 
npon the filler with hot water until silver nitrate produces 
no turbidity in the washings. The dried precipitate is 
treated the same as the cupric oxide. The barium sul- 
phate obtained in this manner generallj contains weigha- 
Ue f{uantities of barium chloride — which were not removed 
bj washing ; therefore digest the weighed precipitate with 
dilute hydrochloric acid, filter through a small filter, and 
again wash the precipitate perfectly with hot water, by 
decantation, ignite and weigh. 
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The barium sulphate that adheres to the filter will be 
reduced upon ignition to barium sulphide, and render the 
results too low. This may be avoided if the precipitate, 
before weighing, be evaporated to dryness with a few 
drops of sulphuric acid. 

Water Determination Copper sulphate, heated some 

time in an air-bath at 120° C, loses only four molecules 
of its water of crystallization. To expel the fifth it is 
necessary to increase the temperature to 250° C. To pre- 
vent the anhydrous salt from attracting moisture, it is 
advisable to employ a well-closed glass tube in weighing 
the substance. The difference in the two weighings ex- 
presses the amount of water of crystallization. 



Magnesium Sulphate. 
MgSO, -h 7H,0. 

For the estimation of the magnesium dissolve 1-1.5 
grms. of the air-dried salt in water, and add sufficient 
ammonium chloride so that upon the addition of ammo- 
nium hydrate magnesium hydrate may not be thrown 
down ; add now to this solution sodium-ammonium phos- 
phate,* and a white crystalline precipitate of magnesium - 
ammonium phosphate will be produced. 

When the supernatant liquid has become clear, filter 
and wash the precipitate w^ith a mixture of 1 part ammo- 
nium hydrate (.96 sp. gr.) and 3 parts water, until the 
addition of nitric acid and silver nitrate to the filtrate does 
not produce a precipitate of silver chloride, then dry. 

* If we have employed sodium phosphate for the precipita- 
tion, the liquid should stand at least twelve hours, so that the 
precipitate may separate perfectly. 
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Place the dried precipitate in a porcelain crucible.* 
First the filter should be carefully removed and reduced 
to ash upon the crucible lid. Heat the crucible gently 
and gradually increase the temperature over a Bunsen 
lamp until constant weight is obtained. If the color of 
the precipitate after ignition is not pure white, moisten it 
with a drop of nitric acid, and again ignite. The residue 
is magnesium pyrophosphate. The amount of magnesium 
is determined from the equation — 

Mg,P,Oy : 2Mg : : wt. Mg,P,0, : x. 

To estimate the sulphuric acid proceed as directed 
under Copper Sulphate. The amount of water is ascer- 
tained by drying a weighed portion of the substance at 
210° C. until the weight is constant 

Barium Chloride. 
BaCl, + 2H,0. 

The barium is determined as carbonate. Dissolve 0.5 
svm. substance in water, add ammonium carbonate in 
slight excess, and digest gently for some hours upon a 
sand-bath. Wash the precipitate with water containing 
ammonium hydrate, dry, and ignite gently over a Bunsen 
lamp. 

The barium can also be determined as sulphate by pre- 
cipitating the solution acidified with hydrochloric acid 
with sulphuric acid. (See the determination of sulphuric 
acid in Copper Sulphate.) 

Cfhlorine Determination. — Add silver nitrate to the 
warm solution of the substance (previously acidified with 

* It is not advisable to employ a platinum crucible, because, 
by an incomplete incineration of the filter, phosphoric acid will 
be reduced, and probably cause an injury to the crucible. 

2* 



18 ZINC SULPHATE. 

nitric acid),* stir the liquid continually with a glass rod, 
which aids in uniting the particles of silver chloride, and 
the supernatant liquid will become clear much sooner. 
Filter and wash the precipitate with hot water by decan- 
tation (until no silver reaction is produced in the filtrate) ; 
finally, bring the same with aid of a feather upon the filter. 
After drying separate the precipitate as well as possible 
from the filter, and place it in a porcelain crucible. The 
filter should be ignited alone upon the inverted cover of 
the crucible. The particles of silver chloride adhering to 
the filter are readily reduced in this operation to the me- 
tallic state, and should be again converted into silver 
chloride. To this end moisten the ash when cool with a 
few drops of nitric acid, warm gently, and add a drop of 
hydrochloric acid. Evaporate the liquid carefully, place 
the inverted cover on the crucible, and apply heat until 
the contents of the latter begin to fuse. Instead of fusing 
the silver chloride, it can be placed on a filter dried at 
120° C, and then dried at the same temperature until the 
weight remains constant. As silver chloride is readily 
decomposed by direct sunlight, it is advisable to exclude 
this as much as possible during the precipitation, etc. 

AgCl : Ci : : wt. AgCl : x. 

The amount of water in the salt is easily determined by 
glowing a weighed portion of the barium chloride. ^ 

Zinc Sulphate. 
ZnSO, -f 7H,0. 

Determination of the Zinc as Oxide, — The aqueous 
solution of the substance (about 1 grm.) is brought to 

* Never acidify the hot aqueous solution first with nitric acid 
and then add silver nitrate, because hydrochloric acid will 
always be volatilized. 
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ebullition in a porcelain dish,* and sodiuni carbonate added 
gradually in excess. Continue boiling some time and then 
filter off the clear liquid. Pour hot water upon the residue 
and again boil. Repeat this operation until a drop of the 
filtrate leaves no residue on platinum foil when evaporated 
to dryness. Dry the zinc carbonate, and, having incin- 
erated the filter upon a porcelain lid, convert the carbonate 
into the oxide by heating the porcelain crucible containing 
it over an ordinary lamp.f 

Determination as Zinc Sulphide, — Add ammonium 
nitrate J to the diluted liquid, then a few drops of ammo- 
nium hydrate, and precipitate the zinc from its solution 
while warm with ammonium sulphide. The supernatant 
liquid should not be filtered off* until the zinc sulphide has 
fully subsided, which will be hastened by standing in a 
warm place. Wash the precipitate by decantation with 
water containing a few drops of ammonium sulphide and 
ammonium nitrate. To weigh the zinc sulphide as such 
it must be ignited in a stream of hydrogen gas. The 
apparatus shown in Fig. 1 is employed for the purpose. 

The hydrogen gas streaming from the spherical appa- 
ratus is dried by passing first through calcium chloride and 
then through sulphuric acid. To prevent explosions a 
small glass tube is placed between the crucible and sul- 
phuric acid ; it contains fine wire pressed in cotton 
(Fresenius). The dried precipitate (the filter having been 



* If the precipitation occurs in glass vessels, or a porcelain 
dish of poor quality, the zinc carbonate will invariably contain 
silicic acid and alumina. These will remain behind when the 
precipitate is dissolved in hydrochloric acid, and the liquid super- 
saturated with ammonium hydrate. 

f Always examine the zinc oxide for alumina and silicic acid, 
and deduct the same. 

J The addition of ammonium nitrate hastens the precipitation 
of the zinc sulphide. 
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incinerated on a platinum wire) is placed in an unglazed 
|Kircelain crucible (Rose's crucible), mixed with powdered 
sulphur, and covered with a perforated porcelain lid,* 
through which a narrow tube passes, conducting hydrogen 
gas into the crucible during theignition over an ordinary 
lam^ Heat of course must not be applied until all the 
air haa becD expelled from the apparatus and erocible. 



• Rose suggests a platinum cover. This is not to be recom- 
mended, because the hj-drogen gas generally employeJ in tliis 
operation contains hydrt^u araeuide, which would in a verj 
short period attack the platinum and render it useliti<i. 
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After icmition for 5-1 minutes, allow the crucible to cool 
in a stream of hydrogen gas. 

For the determination of the water of crystallization, 
heat a weighed portion of zinc sulphate at 220^ C. until 
the weight remains constant. 

The sulphuric acid is determined as directed on p. 15. 

Manganous Chloride. 
MnCl,+"4H,0. 

Determination of the Manganese as Protosesqutoxide — 
Precipitate the hot aqueous solution of the salt (1 grm.) 
contained in a porcelain or platinum dish with an excess of 
sodium carbonate, and treat the precipitate of manganese 
carbonate in a manner similar to that described above in 
the determination of zinc. The filtrate invariably holds 
in solution minute traces of manganese carbonate. For 
the separation of these, evaporate the solution to dryness 
in either a platinum or porcelain dish. Boil the residue 
with water, and bring the slight precipitate of manganese 
protosesquioxide u|)on a separate filter. Both precipitates 
when dried are placed into a platinum crucible and ig- 
nited with free access of air, whereby the manganous 
carbonate is converted into manganese protosesquioxide. 
As free alkali almost invariably adheres to the first, it is 
well to wash the ignited residue with hot water. The 
aqueous solution is passed through a small filter, which is 
dried and incinerated, and added to the portion contained 
in the crucible. 

Ihtermination as Manganese Sulphide. — ^The precipi- 
tation like that of zinc is effected by ammonium sulphide. 
Instead of adding ammonium nitrate to the solution, we 
can use the chloride, and wash the manganese sulphide 
with water containing ammonium chloride and ammonium 
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sulphide. The manganese sulphide mixed with sulphur 
must be ignited over a blast lamp in a stream of hydrogen 
gas, as it retains some of the sulphur very readily. It is 
also absolutely necessary to allow the manganese sulphide 
to cool in a stream of hydrogen gas, because, if exposed to 
the air while warm, it will be readily oxidized. 

To estimate the chlorine present, precipitate a solution 
of the salt (0.5-1 grm.) with a solution of silver nitrate, 
and proceed as directed above under Barium Chloride, etc. 

Estimate the water by drying a weighed portion of the 
substance at 150° C. until the weight becomes constant. 

Cobaltous Chloride. 
CoCl, + 2H,0. 

Determination of the Cobalt as MetaL — The aqueous solu- 
tion of the salt (1 grm.) is placed either in a porcelain* 
or platinum dish, and brought to boiling. Add sodium 
hydrate in slight excess, and continue boiling until the 
hydrate of cobalt has assumed a brownish-black color. 
When the precipitate has fully subsided, filter off the clear 
fluid, and wash by decantation with hot water until the 
presence of alkali can no longer be detected in the fil- 
trate. 

The cobalt oxide is converted into metallic cobalt by 
ignition in a stream of hydrogen gas. (See p. 20.) 

The last traces of alkali that may adhere to it are re- 
moved by washing with hot water. The residue is again 
ignited in a stream of hydrogen gas. 

Determination as the Nitrite of the Sesquioxide of 
Cobalt and Potassium, — Mix the concentrated solution of 
the salt with an excess of sodium or potassium hydrate ; 

* A glass vessel must not be used here. 
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add sufRcient acetic acid to redissolve the precipitate that 
may be at first produced by these reagents, and then mix 
in a concentrated solution of potassium nitrite acidified 
with acetic acid, and allow the whole to stand at least 
twenty-four hours. The nitrite of cobalt and potassium 
is washed with, a solution of one part potassium acetate in 
nine parts of water, to which some potassium nitrite has 
been added. Finally dissolve the precipitate in hydro- 
chloric acid, and precipitate the cobalt from this solution 
with potassium hydrate, and proceed as directed above. 

The chlorine is determined as mentioned under Barium 
Chloride, and the water estimated by drying the salt at 
150° C. 

Nickel Sulphate. 
NiSO, + 7H,0. 

For the determination of the nickel proceed as directed 
above in the estimation of cobalt. The nickel hydrate 
is washed by decantation with hot water, and, after dry- 
ing, ignited in a stream of hydrogen gas, and then weighed. 
The nickel thus obtained must be examined for alkali, and 
finally repeatedly washed with hot water (see Cobalt 
Chloride, p. 22). The sulphuric acid is determined as 
sulphate of barium. 

Nickel sulphate dried at 103^ C. loses six molecules 
of water, but the seventh escapes first at a temperature of 
280° C. 

Ferrous Sulphate. 
FeSO, + 7H,0. 

Determination of the Ferrous Oxide — By boiling the 
aqueous solution of the air-dried salt (1 grm.) with nitric 
acid, the ferrous will be changed to ferric oxide, and the 
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conversion indicated by the yellow color of the liquid ; 
add ammonium hydrate in slight excess, and allow the 
precipitate of ferric hydrated oxide to subside. Filter, 
wash with hot water by decantation, dry, and ignite in a 
platinum or porcelain crucible, placed over an ordinary 
lamp. The filter should have previously been removed as 
well as possible from the precipitate, and incinerated upon 
a platinum wire. 

Sulphuric Acid Determination, — This is determined in 
the filtrate from the ferric hydrate, by acidifying the solu- 
tion with hydrochloric acid, and precipitating the boiling 
liquid with barium chloride. The barium sulphate is 
treated as described in the analysis of Copper Sulphate. 

Water Determination, — The water of crystallization 
contained in ferrous sulphate cannot be estimated by heat- 
ing a weighed portion in a crucible at a fixed temperature, 
because the ferrous salt gradually passes into the ferric 
state. The drying, therefore, must be effected with ex- 
clusion of air. For this purpose, take a small flask of 
difficultly fusible glass (this flask may be readily made by 
blowing a bulb on the end of a piece of difficultly fusible 
glass-tubing), introduce the substance (0.5 grm.) and 
weigh. The neck of the flask, about 2 cm. from the 
bulb, is drawn out and bent so as to make the whole 
represent a small retort. Now apply heat to the vessel 
to expel the water from its neck (ferrous sulphate loses its 
water of crystallization at 280° C). When aqueous 
vapors are no longer produced, and the retort still hot, seal 
the tube, and allow the apparatus to cool. After cooling, 
the point of the tube is broken off, and it together with the 
retort again weighed.* 

* For the direct method of determining the water, see p. 36. 
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Sodium Phosphate. 
]SXHP0^+12H,0. 

Determination of the Phosphoric Acid as Magnesium 
Pyrophosphate. I. Direct Estimation. — Dissolve 0.5 
grm. of the crystallized, air-dried salt in about 100 C. C. 
of water, mixing with it 10 C. C. of magnesium chloride 
solution, which contains in a litre 101.5 grms. crystallized 
magnesium chloride, 200 grms. ammonium chloride, and 
400 grms. ammonium hydrate (0.96 sp. gr.).* After the 
solution has stood from three to four hours,t filter off the 
precipitate of ammonium -magnesium phosphate, J and 
wash it with a mixture of one part ammonium hydrate 
(0.96 sp. gr.) and three parts water. Continue washing 
until the addition of nitric acid and silver nitrate produces 
no cloudiness. Dry and transfer the precipitate, carefully 
separated from the filter, to a porcelain crucible. The 
filter should be incinerated upon the inverted crucible lid. 
The heating of the crucible should at first be gentle, in- 
creasing gradually. 

II. Indirect Determination. — Mix the solution of the 
substance (0.2 grm.) in about 50 C. C. of water, with about 
10 C. C. molybdenum solution ;§ and to render the preci- 

* 1000 C.C. of this solution precipitates 35. 5 grms. phosphoric 
acid. 

f If the phosphoric acid solution is more dilute, and there is 
less than .01 grm. phosphoric acid in 100 C.C, a much longer 
period than this is required for the complete separation of the 
precipitate. 

J The precipitate is not totally insoluble in water containing 
ammonium hydrate. Instead of washing a long time, use an 
exhaust-pump in filtering. 

§ The molybdenum solution is prepared by dissolving 150 
grms. ammonium molybdate in 1 litre of water. This solution 
3 
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pitation of the phosphoric acid complete, digest the whole 
from four to six hours at a temperature of 50° C. After 
cooling, the precipitate of ammonium-molybdenum phos- 
phate is filtered and washed, either with a molybdenum 
solution (1 : 3) or with ammonium nitrate solution, acidified 
with nitric acid (15 grms. salt in 100 C.C. water), and dis- 
solved upon the filter in the least possible quantity of am- 
monium hydrate (1 part ammonium hydrate to 3 parts 
water). Now, mix hydrochloric acid with the ammo- 
niacal solution until the precipitate that was produced is 
gradually redissolved — the liquid is, however, alkaline, — 
and after cooling, precipitate with magnesium chloride. 
The ammonium-magnesium phosphate, as thus obtained, 
very frequently has molybdic acid adhering to it ; to re- 
move this, redissolve and reprecipitate the magnesium. 

Sodium Determination, — To estimate the sodium di- 
rectly, the phosphoric acid must first be removed. Mix 
the aqueous solution of the salt (about 0.5 grm.) with lead 
acetate, as long as a precipitate of lead phosphate is pro- 
duced. Filter off the precipitate and wash it with water. 
The excess of lead can be throw^n dow n by hydrogen sul- 
phide. The filtrate from the lead sulphide should be eva- 
porated to dryness with hydrochloric acid, the residue will 
contain all the sodium as chloride of sodium. Use a por- 
celain dish for the evaporation. Dissolve the residue in 
a small quantity of water, bring it into a platinum cruci- 
ble, and again evaporate. The chloride of sodium remain- 
ing should be ignited \Qry gently, in a small, well-closed 

is poured into 1 litre of pure nitric acid, of commercial concen- 
tration. 100 C. C. of the latter solution correspond to 0.1 grm. 
phosphoric acid. The concentration of the phosphoric acid 
solution is so arranged that 0.1-0.2 grm. are contained in 60- 
100 C.C. of the liquid. 
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crucible. Before ignition the salt should be dried in an 
air-bath, at about 110° C, preventing thus any loss by 
decrepitation. 

As sodium chloride is volatilized by a strong red heat, 
care should be taken to regulate the temperature so that 
the bottom of the crucible is only of a faint red color. 

Water Determination Drying the salt at 300° C, it 

loses 12 molecules of water. If the residue is ignited, it 
will be converted into sodium pyrophosphate. 

Separation of Barium from Calcium. 

For analysis a mixture of the carbonates may be em- 
ployed. 

\^Fir8t Method, — Dr. Frerichs proposes the following 
course, and I have found it to yield very satisfactory results. 

A mixture of the neutral salts is treated with sodium 
acetate and acetic acid, and to this is added a neutral 
solution of potassium chromate, until the liquid above the 
precipitate appears yellow. After several hours' standing, 
collect the precipitate upon a filter, wash with acetic acid 
and dry. The dried barium chromate is separated very 
carefully from the filter, placed in a porcelain crucible, the 
ash added, and then heated, either upon a warm iron plate 
or over a small gas flame. 

In the filtrate, from the barium chromate the calcium 
may be precipitated with an excess of ammonium hydrate 
and ammonium carbonate. The calcium carbonate, after 
being thoroughly washed, is dried and ignited, together 
with the filter, in a platinum crucible. By ignition it is 
converted into oxide.] 

Second Method, — The separation according to this 
method is based upon the decomposition of calcium sul- 
phate by ammonium carbonate. The hydrochloric acid 
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solution of the bases is evaporated to dryness with addi- 
tion of sulphuric acid (avoid an excess). Expel all the 
free acid by ignition, and digest the residue with a con- 
centrated solution of ammonium carbonate containing 
ammonium hydrate. 

After four or five hours' treatment, the calcium sulphate 
will have been converted into the carbonate (the decom- 
position is hastened by frequent stirring of the liquid), 
while the barium remains unaffected. Filter, wash the 
precipitate with a solution of ammonium carbonate, and 
then with water, until the presence of sulphuric acid can 
no longer be detected. Dissolve the cakium carbonate in 
dilute hydrochloric acid, and precipitate the calcium from 
this solution as oxalate (p. 13). Weigh the insoluble 
barium sulphate as such. (See Sulphuric Acid Determi- 
nation, p. 15.) 

Separation of Strontium from Calcium. 

The separation of these bases is founded upon the dif- 
ferent deportment of their nitrates with absolute alcohol. 
Evaporate their hydrochloric acid solution, with addition 
of nitric acid, to dryness upon a water-bath. Digest the 
residue with nitric acid and again evaporate to expel all 
the hydrochloric acid. Pour absolute alcohol (or better, 
a mixture of equal parts alcohol and ether) over the 
nitrates, and shake repeatedly. Calcium nitrate is dis- 
solved. Filter off the strontium nitrate, convert it into 
the sulphate by evaporation with dilute sulphuric acid, 
and weigh as such. Remove the alcohol and ether from 
the solution containing the calcium and determine the 
latter as oxalate. 
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Separation of Barium, Strontium, Calcium, 

and Magnesium. 

The magnesium is separated from the alkaline earths 
by evaporating their solution to dryness and digesting the 
residue with strong alcohol, adding sulphuric acid drop by 
drop in slight excess. The sulphates of barium, strontium, 
and calcium will be precipitated, while magnesium sulphate 
remains in solution. After the precipitate has subsided, 
filter and wash, at first with absolute alcohol, and then 
with alcohol of 30 to 40 per cent., to remove traces of 
magnesium sulphate that may have been precipitated 
together with the others. The filtrate from the insoluble 
sulphates is boiled to expel the alcohol, and, after adding 
ammonium hydrate in excess, the magnesium is precipi- 
tated as ammonium-magnesium phosphate (see p. 16). 
The separation of the alkaline earths depends upon their 
different deportment with ammonium carbonate. The 
sulphates of strontium and calcium are converted into 
carbonates, while the barium sulphate remains undecom- 
posed. 

Pour over the mixed sulphates a concentrated sohition 
of ammonium carbonate containing ammonium hydrate, 
and stir the same frequently. After standing six hours, 
filter and wash the precipitate with a dilute solution of 
ammonium carbonate and water. Treat the precipitate 
with hydrochloric acid, weigh the insoluble residue of 
barium sulphate as such, and separate the chlorides of 
calcium and strontium as directed, p. 28. 

Lead Ghromate. 
PbCrO,. 

Pulverize the substance (0.5 grm.) and dry at 100° C. ; 
then digest with strong fuming hydrochloric acid until 

3* 
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perfect decomposition has taken place, after which the 
excess of acid should be evaporated. We thus have the 
lead converted into the chloride and the chromic acid re- 
duced to chromium chloride. Alcohol should be added to 
the cold solution to render the precipitation of the lead 
chloride complete, after which it is brought upon a weighed 
filter and dried at 100° 0. The washing should be with 
alcohol, and the precipitate dried at 100° C. until constant 
weight is obtained. 

In the filtrate from the lead chloride determine the 
chromium as the hydrated oxide. Bring the solution* in 
a platinum dish to boiling to expel the alcohol, then add 
ammonium hydrate in slight excess. Chromic hydrate is 
soluble to a slight extent (with a red coloration) in an 
excess of ammonium hydrate, therefore continue boiling 
until the supernatant liquid becomes perfectly colorless. 
The precipitate is thoroughly washed by decantation with 
hot water. Dry and ignite, together with the filter, in a 
platinum crucible. 

Lead and chromium may be separated by precipitating 
the former as sulphide from an hydrochloric acid solution. 
Add a sufficient quantity of hot water to the solution of 
the substance to redissolve all the lead chloride that may 
have separated out, and then conduct a stream of hydrogen 
sulphide gas into the solution.f Filter off the precipitate 
and wash it with water containing hydrogen sulphide gas. 

* According to the investigations of Souchay, this precipita- 
tion should not occur in glass vessels, as the ammonium hydrate 
attacks the latter, and consequently constituents of the glass are 
invariably contained in the precipitate. 

f Lead is only completely precipitated as sulphide from a 
hydrochloric acid solution when the latter is very dilute and 
the passage of hydrogen sulphide through the liquid has been 
(continued for some time. 
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Ignite (after adding flowers of sulphur) in a stream of 
hydrogen gas, and weigh* (see p. 20). 

Determine the chromium in the filtrate from the lead as 
ahove directed. 



Potassium Bichromate. 
K,Cr,0,. 

Heat the salt gently until it begins to melt, and then 
dissolve about 0.5 grm. of the same in water. Add 
hydrochloric acid and alcohol, and boil until the liquid 
assumes an intense green color. The solution contains 
the chlorides of potassium and chromium. Precipitate 
the chromium from this solution with ammonium hydrate. 
Evaporate the bulk of the liquid in a porcelain dish, then 
transfer it to a platinum crucible and volatilize the am- 
monium chloride. Ignite the residue of potassium chloride 
in a well-covered crucible. The bottom of the crucible 
only should glow faintly. 

Dolomite. 

Composition, — Carbonates of magnesium and calcium, 
with generally small quantities of ferrous carbonate, 
aluminum, and silicic acid. 

Pulverize the substance and dry it at 100° C. Deter- 
mine the oxides by dissolving 1-1.5 grms. of the substance 
in hydrochloric acid in a porcelain dish. Boil the solution 
to expel the carbon dioxide, then evaporate the liquid to 

* Strong ignition will cause the volatilization of lead sulphide. 
Care must be taken not to allow the bottom of the crucible to 
have more than a faint red glow. (See Journal fur prakt, 
Chemiej 96, 257.) 
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dryness on a water-batb. Heat the residue for some time 
in an air-bath at 120^ G. to effect perfect separation of the 
silicic acid and undecomposed material that may be pre- 
sent. After cooling moisten with hydrochloric acid, heat 
the dish gently upon a sand-bath, and dilute with water. 
The silicic acid that may have separated out is filtered off, 
washed with hot water, dried, and weighed. The filtrate 
from the silicic acid is boiled with a few drops of nitric 
acid to convert the ferrous into ferric compounds, which 
is easily noticed by the deep yellow color imparted to the 
liquid, ammonium hydrate added in slight excess, and the 
solution stirred. Filter off the precipitate consisting of the 
oxides of iron and aluminum, excluding the air as much 
as possible. The precipitate, after washing with hot 
water and dissolving in warm dilute hydrochloric acid, is 
again precipitated with ammonium hydrate.'*' The am- 
monium hydrate precipitate is generally so small that the 
oxides are dried, ignited, and weighed together. For 
their separation proceed as described under Chromite. 

The calcium in the filtrate from the above precipitate is 
thrown down as oxalate, and this then converted either 
into the corresponding carbonate or oxide (see p. 13). 
As some magnesium oxalate is invariably precipitated 
along with the calcium, the precipitate in all accurate 
analyses should be redissolved and the precipitation re- 
peated. To this end add ammonium hydrate in slight 
excess to the solution, and also a small quantity of am- 
monium oxalate. Unite the filtrates, and when necessary 
concentnite tlie liquid by evaporation — precipitating the 
magnesium from the cold solution by adding ammonium- 
sodium phosphate. The further treatment of this pre- 
cipitate has been already described (p. 17). 

* A second precipitation is necessary because the first pre- 
cipitate always contains calcium and magnesium. 



f 
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[Another method, proposed and recommended bj Dr. 
Grenth for the separation of calcium and magnesium from 
the other constituents of dolomite and limestones, is the 
following : — 

A weighed portion of the powdered and dried sub- 
stance is placed in a platinum crucible and then Tcry 
stronglj ignited. The cooled mass, consisting <^ calcium 
and magnesium, tc^ther with the other oxides, is digested 
for some time with a smaQ quantity of a rather concen- 
trated ammonium chloride solution. The calcium and 
' magnesium oxides are dissolved, and may be separated in 
the usual manner in the filtrate. The insoluble residue is 
treated with hydrochloric acid and the above course pur- 
sued.] 

Carbon Dioxide Determination (Direct). — The esti- 
mation is effected bj the method originailj described bj 
Kolbe, but more recently modified bj Fresenius, viz., by 
the increase in weight of a tube filled with soda-lime. 
The apparatus described by Fresenius is composed of the 
following parts (see Fig. 2) : — 

The flask K, of from 200 to 300 C.C. capacity, serving 
for the decomposition of the substance, is closed by a 
doubly perforated caoutchouc cork. The one perforation 
holds the safety-tube a, the other the bulb-tube 5. The 
safety-tube is divided at a, and connected by means of a 
gum tube to the funnel e. By the aid of the pinch-cock 
o, we can not only regulate the acid supply, but also, after 
finishing the experiment, connect the tube with the soda- 
lime tube dj and the smaU flask «, containing potassium 
hydrate. The bulb-tube 6, serving for the condensation 
of steam mechanically carried over, is cut obliquely at the 
lower end. To iree the carbon dioxide from steam and 
hydrochloric acid, three U-tubes, about 17 cm. long and 16 
mm. wide, are placed before the generating flask. Of 



these the first tube,/", is filled only at the bend, while g ia 
perfectly filled with pieces of calcium chloride. The tube 



h serves solely for the absorption of hydrochloric acid 
carried over during the operation, and ia filled with pieces 
of puraice stone, previously boiled with copper sul- 
phate and then dried at 250°-3()0° C. in an air-batli. 
Connected with h there is also the tube «, filled with cal- 
cium chloride ; and joined to the latter arc two tubes, k 
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and /, 11 cm. long and 12 mm. wide respectively, which 
are filled f of their length with coarse soda-lime, and the 
extreme end with calcium chloride. To prevent the 
entrance of carbon dioxide and steam from without, thus 
altering the weight of these tubes, there is attached to 
them the tube iw, which has the same dimensions as the 
absorption-tubes, and is filled in the. limb adjoining these 
tubes with calcium chloride, while the outer limb contains 
soda-lime. 

To enable the operator to have better control over the 
course of the decomposition, it is advisable to add the 
tube 71, both limbs of which are partly filled with water. 

The calcium chloride should be previously tested, be- 
cause it is capable of absorbing carbon dioxide when not 
pure. 

Having weighed both absorption -tubes, k and /, and 
brought the weighed substance (2-3 grms.) into the flask 
JC, be satisfied, first of all, that the connections of the 
entire apparatus are tight. Unite all the parts, close the 
pinch-cock o, and, with the aid of an aspirator or air- 
pump, rarefy the air in the apparatus by sucking upon the 
gum tube p. When all the parts fit closely and properly, 
the passage of air through n continues but a short time. 
Open the pinch-cock o, pour water in the flask, close 
o again, and fill the upper funnel tube with dilute hy- 
drochloric acid, allowing, by partly opening the pinch - 
cock, the acid to gradually enter the flask. When the 
action of the acid upon the substance ceases, remove the 
funnel c, join the funnel-tube a with the tube d and the 
flask e, and draw a slow current of air through the appa- 
ratus. In the mean time, bring the contents of the flask 
to boiling, which will expel the carbon dioxide, and the 
latter will be carried by the current of air into the absorp- 
tion apparatus. When cool, weigh the tubes k and /; 
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their increase in weight expresses the amount of carbon 
dioxide present. 

Orig. sub. : CO, found : : 100 : a:. 

Should the dolomite dried at 100° C. lose more water 
at an increased temperature, this cannot be estimated by 
igniting a weighed quantity of substance gently and con- 
sidering the difference in weight as representing the water. 
The carbon dioxide present would also be expelled, and, 
further, the ferrous oxide that existed in the mineral would 
pass into the ferric state. Under these circumstances, the 
water is best determined by direct weighing. Take a 
tube of difficultly fusible glass about 30 cm. long and 12 
mm. wide, and seal the one end. Into this introduce, to 
J its length, gently ignited lead carbonate, then the mix- 
ture of the latter substance with the dolomite, and finally, 
more lead carbonate. The tube should be tapped upon a 
table to produce a channel, and the open end then closed 
with either a dry perforated gum or ordinary cork, into 
which has been fitted a weighed calcium chloride tube. 
The tube containing the mixture of lead and dolomite is 
placed upon a combustion-oven and heated its entire 
length, commencing with the layer of lead carbonate, and 
gradually advancing to the end. 

Should any water collect in that portion of the tube 
extending beyond the oven, it can readily be driven into 
the. calcium chloride tube with the aid of a small lamp. 
When the substance has been completely decomposed, the 
calcium chloride tube is reweighed. 

Alum. 

Composition : Aluminum, potassium, ammonium,* sul- 
phuric acid and water. 

* Commercial potash alum contains it. 
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Determination of the Aluminum and Potassium, — About 
1.5 grms. of the salt are dissolved in water in a platinum 
or porcelain dish, then ammonium chloride and hydrate 
added — the latter in slight excess. Boil the liquid until 
the odor of ammonia is only slightly perceptible, allow the 
precipitate produced to subside, filter and wash by decan- 
tation with hot water. Owing to the gelatinous character 
of aluminum hydrate, it is washed very slowly, and there- 
fore it is advisable in filtering to use a Bunsen pump, or 
allow the imperfectly washed precipitate to dry, and then 
renew the washing. The precipitate, when dried, is 
placed in a platinum crucible, and the filter incinerated 
apart from it. Finally, the well-closed crucible is heated, 
at first gently, and then gradually increasing the tempera- 
ture to a red glow. 

In the presence of sulphuric acid, aluminum sulphate is 
frequently precipitated with the hydrate, and for this rea- 
son the ignition of the precipitate should finally be con- 
tinued over the blast lamp. 

The filtrate from the aluminum hydrate is placed in a 
platinum or porcelain dish and evaporated to dryness, to 
estimate the potassium as sulphate. The residue is ignited 
to expel all ammoniacal salts ; what remains is a mixture 
of neutral and acid potassium sulphates. To convert the 
latter into the corresponding neutral salt (glowing merely 
effects a partial change), ignite the mass gently, and add 
from time to time small pieces of pure ammonium car- 
bonate. Continue this for some time, and if the weight 
of the crucible remains the same after a second ignition 
with ammonium carbonate, the residue consists entirely of 
neutral potassium sulphate. 

The ammonia may be estimated by boiling a portion of 
the salt with potassium or sodium hydrate. The appa- 
ratus shown in Fig. 3 is designed for this purpose. 

The tubulated retort r contains a concentrated solution 
4 



of Hodium or potassium hjdrate. Both r 
are partly filled with dilute hydrochloric acid. The libe- 
rated smmoDJa passes through the cooler k. As an ordi- 
nary or eveu gum cork will absorb ammonia very readily, 
care should be taken that this gas does not come in imme- 



diate contact with these substances. MThen the apparatus 
has been completely connected, introduce the substance, 
placed in a small tube, into the tubulure of the retort, and 
distil off about oue-third of the contents. The a 
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chloride formed is estimated by mixing with the liquid 
in the receivers an excess of platinic chloride, and evapo- 
rating almost to dryness at as low a temperature as possi- 
ble. Pour alcohol (80 per cent.) over the cold residue, 
stir well, and filter after the precipitate has subsided. The 
precipitate of ammonio-platinic chloride is brought upon 
a weighed filter that has been dried at 130^ C. Wash 
with alcohol, finally with a mixture of equal parts of alco- 
hol and ether. Dry at 130^ C, until constant weight is 
obtained. 

If the quantity of the precipitate is small, instead of 
filtering and drying upon a weighed filter, it can be con- 
verted into metallic platinum by ignition in a porcelain 
crucible, and from this the ammonia that was present be 
ascertained by calculation. To prevent any loss in this 
operation begin heating the precipitate gradually. 

Instead of converting the ammonrum chloride into the 
double salt with platinum, the weight of the former can 
be directly taken. In this case the liquid contained in 
the receivers is evaporated to dryness in a platinum dish 
placed on a water-bath, and the residue then dried in an 
air-bath at 100^ C, until a constant weight is obtained. 
This method, however, affords less accurate results, as 
there is invariably some ammonium chloride volatilized. 

Finally, the ammonia may be determined in the follow- 
ing manner : conduct the gas into a measured quantity of 
acid (hydrochloric, sulphuric, or oxalic) of known strength, 
and titrate the unneutralized portion of the acid with a 
standard alkaline solution. For the particulars of this 
operation see " Analysis of Guano." 

When alum contains oxide of iron in large quantities, 
which is seldom the case, it may be best determined 
volumetrically. The found percentage must then be de- 
ducted from the aluminum precipitate. 



40 HEAVY SPAR. 

Detennine the sulphuric acid as barium sulphate. 

The water in alum cannot be estimated bj loss in weight 
bj Ignition, because not only it but also sulphuric acid 
and ammonia are volatilized. When ammonia is absent, 
the water may be determined as described in the analysis 
of dolomite. This method is not applicable in the pre- 
sence of ammonia, because the latter, upon glowing with 
lead carbonate, is expeUed and absorbed by the calcium 
chloride. This being the case, connect with the tube 
containing the alum and lead carbonate two Y-shaped 
tubes fiUed with pumice-stone saturated with sulphuric 
acid. The increase in weight of the tubes will indicate 
the amount of water plus the ammonia, and from this 
subtract the amount of the latter directly determined. 



Heavy Spar. 
Barites. 

Composition: Barium sulphate, with frequently small 
quantities of strontium sulphate. 

The finely powdered and dried (100° C.) substance, 
(1 grm.) is thoroughly mixed in a platinum crucible with 
4—5 times its weight of sodium carbonate, and fused over 
a blast lamp. (A good Bunsen burner will generally suf- 
fice.) The ignition should be continued until the contents 
become liquid, and then pour the same into a platinum 
dish. If the latter is sufficiently large the crucible can 
be placed in the same, water added, and the whole di- 
gested on a water-bath until, upon stirring with a glass 
rod, no hard, undecomposed particles can be detected. If 
it is not desired to pour out the liquid contents of the 
crucible, allow the latter to cool, and then boil with water. 
The latter procedure requires considerable time. The 
aqueous solution contains, together with the undecom- 
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poeed sodiam carbonate, all the sulphuric acid in the form 
of sodium sulphate. The residue consists of the car- 
bonates of strontium and barium. After freeing the cruci- 
ble from the adhering precipitate, and rinsing with water, 
the insoluble residue is filtered off and washed until a 
drop of filtrate does not indicate a sulphuric acid reaction. 
The weight of the gentlj ignited precipitate will represent 
the sum of the strontium and barium carbonates. Dis- 
sc^TC the mixture in acetic acid, and separate the bases 
just as barium is separated from calcium. (See p. 27.) 

To determine the sulphuric acid in the aqueous extract 
of the fused mass, acidify the liquid carefully with hydro- 
chloric acid ; then heat to expel all the carbon dioxide, 
and finally precipitate with barium chloride (p. 15). 

When the heavy spar contains silica it will be found in 
the aqueous solution, together with the sodium sulphate, 
and should be removed before precipitating the sulphuric 
aeid. Evaporate the solution to which hydrochloric acid 
has been added to dryness, and heat the residue for some 
time at 120^ C. When cool, moisten with hydrochloric 
acid, and add water. (See Dolomite, p. 31.) The fil- 
trate from the silicic acid can now be employed for the 
sulphuric acid determination. The silicic acid is strongly 
ignited in a platinum crucible and weighed. 

If calcium sulphate be present in the heavy spar, the 
three sulphates can be separated by treatment with am- 
monium carbonate (p. 29). 



Separation of Potafwliiin firom Sodium. 

A mixture of equal parts of the chlorides is employed 
in the analysis. 

The separation of these alkalies is based upon the pre- 
cipitation of the potassium as potassium-platinum chloride, 

4* 
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while the corresponding sodium compound remains dis- 
solved. The chlorides (about 0.5 grm.), dried at 100^ C, 
are dissolved in the least possible quantity of water, and 
then mixed with a concentrated neutral solution of pla- 
tinic chloride,^ and evaporated almost to dryness upon a 
water-bath. The temperature should not be too high. 
Pour alcohol (80 per cent.) over the cold residue, and 
treat the potassium-platinum chloride just as the ammo- 
nium compound. (See p. 39.) 

If the solution employed for washing consists of a mix- 
ture of 2 vols, alcohol and 1 vol. ether, not any potassium- 
platinum chloride will be dissolved. However, the filtrate 
should be tested for traces of it. For this purpose evapo- 
rate it again to dryness with additipn of more platinic 
chloride, and treat the residue again with alcohol. Calcu- 
late the amount of potassium chloride in the double salt 

K,PtCl, : 2KC1 : : wt. K^PtCl^ : x. 

The amount of sodium chloride is found by difference. 

[Instead of weighing the double salt upon a weighed 
filter, which is at the best tedious and inconvenient, it 
may after washing with alcohol be rinsed with water into 
a small beaker, and to the aqueous solution a little dilute 
hydrochloric acid and a piece of pure zinc added. The 
application of heat aids the reduction. When the zinc is 
completely dissolved, the liquid is diluted and filtered. 
The residual platinum is thoroughly washed with hot 
water, dried, ignited, and weighed. One equivalent of 
platinum represents one equivalent of potassium.] 

Instead of separating the potassium chloride as a double 

* Enough platinic chloride must be added to convert both 
the potassium and sodium into double salts with it, otherwise 
sodium chloride will invariably be mixed with the potassium- 
platinum chloride, and cannot be removed by washing with 
alcohol. 
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salt, we can determine the amount of chlorine in a mix- 
ture and from this calculate the quantity of potassium and 
sodium chlorides present.^ 

To determine the chlorine the solution of the substance 
is mixed with silver nitrate and the silver chloride ob- 
tained weighed. (See Barium Chloride, p. 17.) 

If /S represents the sum of potassium and sodium 
chlorides, 
Q the found amount of chlorine, 
X the unknown amount of potassium chloride, 
y the unknown amount of sodium chloride, 
then a -I- y = ^(l). 

The molecular weight of potassium chloride is 74.57 ; it 

contains in one part by weight — *. — = 0.47552 chlorine : 

^ ^ ^ 74.57 

the molecular weight of sodium chloride is 58.46 ; the 

amount of chlorine in it is — *- — »= 0.60657. 

58.46 

Then 0.47552 ar + 0.60657 y = C (2), 

, 0.60657 aS'— (7 
and X as 

0.13105 
and y = S- — x. 

Instead of determining the silver gravimetrically as 
silver chloride, it may be estimated volumetrically much 
more rapidly and with just as great accuracy. This method 
of estimation depends upon the deportment of a silver 
nitrate solution of known strength with a solution of an 
alkaline chloride in the presence of chromic acid. When 
silver nitrate is added to a solution of an alkaline chloride 
containing potassium chromate, all the chlorine will at 
first be precipitated as silver chloride, after which the 

* This indirect method of determining the potassium and 
sodium is only accurate when the quantity of potassium chloride 
with the sodium chloride is not too small. 
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silver acts upon the chromic acid of the chromate, form- 
ing silver chromate. The formation of the latter com- 
pound, which is characterized by an intense blood-red 
color, serves as a means of recognizing the close of the re- 
action. 

For the execution of this method of determining chlo- 
rine allow silver nitrate to drop from a burette into the 
chloride solution containing potassium chromate until the 
white precipitate of silver chloride is colored distinctly red 
by the silver chromate.* The solution should be con- 
tinually stirred. The amount of chlorine present is cal- 
culated from the number of C. C. of the silver nitrate 
solution that has been used. 

There is required : — 

1. A Neutral Solution of Silver Nitrate, — The solution 
is made y^^ normal, i. e., 10.8 grms. metallic silver or 17 
grms. silver nitrate are dissolved and diluted to 1 litre. 
If 1000 C. C. of this solution contain exactly 10.8 grms. 
silver, these correspond to 3.546 grms. chlorine, 3.646 
grms. hydrochloric acid, or 5.846 grms. sodium chloride, 
etc. In order, however, to be satisfied as to the correct 
strength of the solution, prepare 

2. A Solution of Sodium Chloride. — This is done by 
dissolving 5.846 grms. chemically pure and dry sodium 
chloride in 1 litre of water. 

To standardize the silver nitrate solution allow about 
10 C. C. of the sodium chloride solution to flow out the 
burette, mix in a few drops of potassium chromate, and 
add from the burette, while stirring, silver nitrate until 
the final reaction appears. When the silver nitrate solu- 
tion is j^5 normal, then 10 C. C. of the sodium chloride 
solution wiU exactly coiTCspond to 10 C. C. of the silver 
solution. 

* As silver chromate is soluble in acids, both the liquid to be 
treated and the silver nitrate solution must be perfectly neutral. 
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Mixture of Potassium Chloride, Sodium 
Chloride, and Magnesium Sulphate. 

The separation of magnesium from the alkalies accord- 
ing to the following method, must be preceded by the re- 
moval of the sulphuric acid. For this purpose, acidify 
the boiling solution of the substance with a few drops of 
hydrochloric acid, and add barium chloride. Filter off 
the barium sulphate and evaporate the filtrate to dryness, 
in a platinum dish, having first added an excess (about 
four times the amount) of pure oxalic acid for the conver- 
sion of the alkalies and the magnesium into oxalates. 
By igniting the residue, we have the alkaline carbonates 
and magnesia pi-oduced. Treat the residue with small 
quantities of hot water, dissolving by this means the alka- 
lies and separating them from the magnesia (and barium 
carbonate), then evaporate to dryness with dilute hydro- 
chloric acid, converting the alkalies into chlorides which 
may then be separated in the manner already described 
(p. 41). 

The weighed alkaline chlorides should always be exam- 
ined for traces of magnesia, and the amount deducted 
from the others. (See p. 16.) 

(Mg,P,0, : 2MgCl, : : wt. Mg^P^O, : x.) 

The magnesia may be separated from the barium car- 
bonate by dissolving the residue in dilute hydrochloric 
acid, precipitating the barium with dilute sulphuric acid, 
and determining the magnesium in the filtrate in the usual 
manner. 

Another method employed in separating magnesium 
from the alkalies is based upon the precipitation of the 
magnesium as magnesium-ammonium carbonate. 

It is immaterial whether the magnesium and alkalies 
exist as chlorides, sulphates, or nitrates. To the very 
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concentrated solution of the substance add, in excess, a 
concentrated solution of ammonium carbonate* and hy- 
drate, and allow the same to stand twenty-four hours. 
The precipitate after filtering should be washed with a 
similar solution of ammonium carbonate, dried, and by 
strong ignition converted into magnesia. It is to be re- 
marked that in this separation the magnesia almost inva- 
riably retains potassium carbonate mixed with it. (The 
sodium carbonate is perfectly dissolved.) It is, therefore, 
of the utmost importance that the ignited magnesia be 
treated with small quantities of water and again ignited. 
The washings should be added to the liquid containing the 
alkalies. The alkalies are most readily determined as 
sulphates. 

The filtrate from the magnesia precipitate should be 
brought into a platinum or porcelain dish, covered and 
heated on a water-bath to expel the ammonia and produce 
a partial decomposition of the ammonium carbonate. 
When carbon dioxide is no longer liberated, add dilute 
sulphuric acid drop by drop to the cold liquid and evapo- 
rate to dryness. If the evaporation has taken place in a 
porcelain dish, bring the residue into a weighed platinum 
crucible and ignite to expel the ammoniacal salts. The 
residue contains not only the alkaline sulphates, but also 
their hydrosulphates ; therefore, continued ignition with 
repeated addition of ammonium carbonate is necessary to 
obtain a constant weight. (See Potassium Determina- 
tion in Alum, p. 37.) Examine the alkalies for mag- 
nesium. 

When sodium and potassium are present together, in - 

* According to Schaffgotsch, a solution of this kind is best 
prepared by dissolving 230 grms. ammonium carbonate in 180 
grms. ammonium hydrate (specific gravity 0.92) and diluting to 
1 litre. 
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Stead of separating the potassium with platinic chloride,^ 
the sulphuric acid in their sulphates may be determined, 
and the quantity of sodium and potassium calculated from 
this. 

If S represents the weight of sodium and potassium 
sulphates, and s the found quantity of sulphuric acid, 
then 

_ 8—0A5919S 
^ 0.10419 

f/ = S — X. 

Alloy of Copper and Silver. 

Silver Coins. 

The solution of the coin (about 0.5 grm.) is effected by 
bringing it in contact with dilute nitric acid in a porcelain 
dish, which is well covered with a watch-glass, and heated 
upon a water-bath. Finally, evaporate the solution to 
dryness, dissolve the residue in hot water, rinsing the 
solution into a beaker, and precipitate the silver by the 
addition of dilute hydrochloric acid. 

By the application of heat and frequent stirring, the 
precipitate may readily be balled together, and filtered 
after standing a short time. The subsequent treatment of 
the precipitate has already been described in the analysis 
of barium chloride (p. 17). 

The copper in the filtrate from the silver chloride may 

* When the alkalies are present as sulphates, to determine 
the potassium as potassium-platinum chloride, it is necessary to 
first convert the sulphates into chlorides. This is effected by 
adding to the solution barium chloride and removing the excess 
of the latter with ammonium carbonate, or by repeatedly 
igniting the sulphates with ammonium chloride until constant 
weight is obtained. 
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be precipitated as sulphide by coDducting bydrc^en sul- 
phide into the solution. The precipitant should be added 
until the odor of hydrogen sulphide is strongly perceptible, 
and the precipitate then rapidly filtered, with exclusion of 
air. Cover the beaker and funnel with glass plates. 
After washing the precipitate with water containing hy- 
drogen sulphide, dry and ignite it strongly — with addition 
of sulphur — ^in a stream of hydrogen gas (see p. 20). 
The residue is cuprous sulphide (Cu^S). As copper 
sulphide oxidizes exceedingly readily, the filtration and 
washing should not be interrupted. When oxidation has 
occurred (recognized by the cloudiness of the filtrate), the 
precipitate upon the filter is completely washed with water 
containing hydrogen sulphide, and the filtrate treated a 
second time with hydrogen sulphide gas. The small 
quantity of copper sulphide produced is brought upon a 
separate filter. 

If the copper is precipitated from a hot solution, a sul- 
phide of a more compact nature is obtained, which may 
be washed very readily. 

Cu,S : Cu, : : wt. Cu^S : ar. 

[As a control, get the copper in the form of sulphate and 
determine it by electrolysis. The platinum crucible con- 
taining the solution of the copper salt serves as negative 
pole of a weak Bunsen battery'consisting of one or two 
cells. A stout platinum wire will answer as positive 
electrode, and is allowed to dip into the copper solution. 
The wire should not be allowed to touch the sides of the 
crucible. Care must be taken to regulate the current so 
that the copper will be deposited upon the walls of the 
crucible as a compact, bright coating. The time neces- 
sary to effect complete precipitation varies from one to 
three hours. Whether the copper has been completely 
removed or not may be ascertained by placing a drop of 
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the solution on a porcelain plate and adding a little hy- 
drogen sulphide. After precipitation wash the copper 
with distilled water, dry carefully, and weigh with the 
crucible. 

When the copper is thrown out of the solution in 
spongy masses, it not only oxidizes very readily, but it is 
also dii&cult to free it of impurities mixed with it.] 



Alloy of Copper and Zino. 
Brass. 

Dissolve the alloy in dilute nitric acid, and proceed pre- 
cisely as described in the preceding analysis. When the 
brass, as is generally the case, contains lead, the nitric 
acid solution is evaporated to dryness, with addition of 
sulphuric acid, upon a water-bath, until all the nitric acid 
has been expelled and the lead completely converted into 
sulphate. Pour cold water over the residue, stir the 
liquid with a glass rod until all the lead sulphate that has 
separated out appears perfectly white, then add one-third 
volume alcohol.* Wash the filtered precipitate with dilute 
alcohol (until the addition of barium chloride to the wash- 
ings produces no cloudiness), dry, and then ignite in a 
porcelain crucible. It should be borne in mind that, upon 
incinerating the filter, the lead sulphate adhering to the 
latter will be reduced to metallic lead ; therefore adopt the 
course pursued in the determination of chlorine (p. 18), 
incinerate the filter upon the inverted crucible lid, dissolve 
the metallic lead in a few drops of nitric acid, evaporating 

* If more alcohol than this is added, copper sulphate will 
very likely separate out, but may be redissolved by the addi- 
tion of more water. 
5 
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-this solution to dryness with addition of dilute sulphuric 
acid. 

PbSO, : Pb : : wt. PbSO, : x. 

After thus removing the lead, heat the liquid that re- 
mains upon a water-bath to expel the alcohol present, and 
then effect the separation of the copper and zinc by con- 
ducting hydrogen sulphide into the solution. Since in 
this method some sulphide of zinc is very apt to be pre- 
cipitated together with copper sulphide, the liquid should 
be made strongly acid* by the addition of hydrochloric 
acid, and the copper sulphide filtered immediately after 
the precipitation. As regards the filtration of the copper 
dulphide, what has already been mentioned (precipitation 
of copper in silver coins) should be borne in mind. Not- 
withstanding all this, however, the copper sulphide is not 
absolutely free from zinc sulphide, and, if the separation 
is to be very perfect, the precipitation must be repeated. 
In this case transfer the precipitate to a porcelain dish, 
dry the filter, and after its incineration add the ash to the 
precipitate and dissolve the latter in aqua reyia. Evapo- 
rate this solution to dryness upon the water-bath, dissolving 
the residue in water, and, after the addition of hydrochloric 
acid, reprecipitate the copper as sulphide. The copper 
sulphide obtained is ignited in a hydrogen stream and 
determined as Cu^S. 

The filtrates from the copper sulphide are united, and 
the zinc then precipitated as sulphide. To this end heat 
the liquid to incipient ebullition, then add ammonium in 
excess and some ammonium sulphide. f The precipitate 
is washed with water containing ammonium sulphide and 

* According to Grundmann's experiments, 10 C. C. hydro- 
chloric acid are required for 0.2 grm. cupric oxide. 

f The sulphide of zinc precipitated from a hot solution is 
more compact and much more readily filtered. 
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ammonium nitrate, then dried and ignited, mixed with 
sulphur, in a stream of hydrogen (see p. 20). 

ZnS : Zn : : wt. ZnS : x. 

When lead is not present in the brass, the nitric acid 
solution may be evaporated to dryness without the addi- 
tion of sulphuric acid. The residue is then dissolved in 
water, hydrochloric acid added, and precipitation produced 
by hydrogen sulphide. 

Another method for the separation of copper and zinc 
is based upon the deportment of the former with sodiuni 
hyposulphite. If the solution of a copper salt is mixed 
with sodium hyposulphite, a precipitate of copper hypo- 
sulphite is produced, which decomposes very readily upoii 
boiling into copper sulphide and sulphuric acid. 

Zinc salts are not precipitated by this reagent. To 
effect the separation of these two metals by means of this 
method, their nitric acid solution should be evaporated to 
dryness with sulphuric acid, the residue dissolved in water, 
and sodium hyposulphite added to the boiling solution 
until the addition no longer produces a precipitate of 
cuprous sulphide, Cu^S. This cuprous sulphide possesses 
entirely different properties from that obtained by pre- 
cipitation with hydrogen sulphide. It does not oxidize 
on exposure to the air, and may be easily washed with 
hot water not containing any hydrogen sulphide. It 
should also be ignited in a stream of hydrogen. 

In order that the zinc may be estimated in the filtrate 
from the cuprous sulphide, the excess of sodium hyposul- 
phite must be previously removed. Add nitric acid to 
the solution, then evaporate it to dryness upon the water- 
bath, dissolving the residue in water, filtering off the sul- 
phur that may have separated out, and finally precipitate 
the zinc with sodium carbonate (see p. 18). As regards- 
the purity of the zinc oxide, see remark I., p. 19. 
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Alloy of Antimony and Lead. 

Type Metal. 

ft 

The alloy is divided as finely as possible, and about 0.5 
grm. of it then transferred to a porcelain dish containing 
equal parts of nitric acid and concentrated tartaric acid, 
and the whole heated upon a water-bath. To the solution 
is now added an excess of ammonium hydrate, until the 
liquid imparts ah alkaline reaction, then an excess of am- 
monium sulphide. By this means we have the antimony 
dissolved as antimony -ammonium sulphide (Sb(SNHJj), 
whilst the lead remains insoluble. 

Digest the precipitate for some time upon the water- 
bath, filter without bringing the precipitate on the filter, 
and then digest it again with small quantities of ammo- 
nium sulphide, and finally determine the lead sulphide by 
gentle ignition in a stream of hydrogen (p. 20). The 
antimony in the filtrate from the lead sulphide separates 
out upon the addition of hydrochloric acid. Carefully 
mix the solution contained in a covered beaker with di- 
lute hydrochloric acid, until its addition is no longer fol- 
lowed by the precipitation of antimony sulphide ; then 
apply heat upon the water-bath until the odor of hydrogen 
sulphide is no longer perceptible.* The precipitate, which 
consists of sulphur and antimony sulphide, is brought 
upon a weighed filter, dried at 100° C, washed with 
water containing hydrogen sulphide, and di*ied again at 
100° C, until the weight becomes constant. To estimate 
the quantity of antimony sulphide present, weigh off a 
portion of the dried precipitate, place it in a porcelain 
boat, and insert this into a glass tube, through which a 

* This may be hastened by conducting carbon dioxide into 
the hot solution. 
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slow current of dry carbon dioxide is transmitted, and 
the contents of the boat cautiously ignited, until no more 
sulphur escapes and the antimony sulphide has become 
black. 

Sb,S, : 2Sb : : wt. Sb,S, : x. 

As a control for the analysis, a second portion of the 
weighed precipitate may be converted into the antimoniate 
of the teroxide of antimony. This is effected by moisten- 
ing a weighed portion of the precipitate, placed in a por- 
celain crucible, with a few drops of nitric acid (sp. gr. 
1.42), then adding a somewhat larger quantity (about 8 
to 10 times the quantity) of fuming nitric acid. Cover 
the crucible with a watch-glass or a concave porcelain 
cover, and carefully apply heat upon the water-bath until 
all action ceases, finally allowing the* acid to evaporate. 
The residual mass consists of a mixture of antimonic acid 
and sulphuric acid. For the conversion of the former 
into teroxide and the expulsion of the sulphuric acid, 
gradually ignite the contents of the crucible to intense 
glowing. 

SbO, : Sb : : wt. SbO, : x. 

The lead sulphide as above obtained invariably has an- 
timony sulphide adhering to it. The separation is more 
complete if the greater portion of the lead is first removed 
from its nitric acid solution by the addition of sulphuric 
acid (without alcohol), and determined as such. The 
lead still remaining in the filtrate may be separated from 
the antimony by the addition of ammonium hydrate and 
ammonium sulphide. If pure nitric acid replaces nitric 
acid and tartaric acid in the decomposition of the alloy, 
antimonic acid will separate out, and the separation of the 
two metals will be very imperfect, even if the treatment 
with ammonium sulphide be repeated. 

5* 
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Alloy of Tin and Lead. 

Soft Solder. 

Warm the alloy with nitric acid until all action ceases, 
then evaporate the solution to dryness upon a water-bath. 
After moistening the residue with a few drops of nitric 
acid, pour water over it, and remove the stannic oxide by 
filtration. The precipitate is washed with water, dried, 
and ignited strongly in a porcelain crucible placed over a 
blast-lamp. 

The incineration of the filter is best performed upon 
the inverted lid of the crucible, and the ash carefully 
heated with a few drops of nitric acid, to oxidize the re- 
duced tin. 

The filtrate from the oxide of tin is mixed with dilute 
sulphuric acid, and evaporated on the water-bath, until 
all the nitric acid has been expelled; the residue, after 
cooling, treated with alcohol, and the lead sulphate filtered 
off. The precipitate should be washed with alcohol, and 
treated as described on page 49. 

Weighable quantities of lead always adhere to the tin 
oxide as above obtained by oxidation with nitric acid ; 
these, however, may be estimated by mixing the weighed 
precipitate with four to five times its quantity of equal 
parts of sodium carbonate and flowers of sulphur, and 
fusing (over an ordinary burner) in a porcelain crucible. 
The residue is treated with water, and the tin dissolved 
as sodium -sulphostannate (Na^SnS,), while the lead oxide 
that adhered to the stannic oxide will remain as in- 
soluble lead sulphide. Remove the latter by filtration, 
wash w^ith water containing hydrogen sulphide, and weigh 
as such. 

From the found amount of lead sulphide calculate the 
lead oxide, and subtr^t this from the stannic oxide, thus 
obtainipg thp pprrect amount of the latter. 
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Tin and lead maj be separated in a manner similar to 
that employed in the separation of antimony and lead — 
by means of ammonium sulphide. Evaporate the nitric 
acid solution to dryness, mix the residue with ammonium 
hydrate and sulphide, and proceed as above. The lead 
sulphide, after being dried, is mixed with four to five times 
its weight of equal parts of sodium carbonate and sulphur, 
then fused. The aqueous extract from the fused mass, 
after filtering off the lead sulphide, is added to the ammo- 
nium sulphide solution, and the tin precipitated by the 
addition of hydrochloric acid to the liquid contained in a 
covered beaker. After the precipitate has fully separated, 
warm upon a water-bath. 

As soon as the liquid ceases to impart the odor of hy- 
drogen sulphide, filter off the mixture of tin sulphide and 
sulphur ; wash the precipitate perfectly with a solution of 
ammonium acetate, containing a few drops of acetic acid. 
Place the dried precipitate in a weighed porcelain cruci- 
ble, heating it gradually with access of air to expel the 
sulphur. Finally, ignite over a blast-lamp. 

The final traces of sulphuric acid that may remain are 
expelled by placing a small piece of ammonium carbonate 
in the crucible, and again igniting. The filter should be 
burned upon the inverted crucible lid. The ignited residue 
is SnO,. 

Alloy of Lead and Bismuth. 

The nitric acid solution of the alloy is evaporated upon 
a water-bath until it attains a syrupy consistence, a little 
water is then added, the liquid stirred with a glass rod 
and again evaporated. This operation should be repeated 
three or four times (the residue should then contain no 
more nitric acid), when the cooled mass is finally mixed 
with a cold solution of 1 part ammonium nitrate in 500 
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parts water, and then allowed to stand a short time. 
Filter and wash the bismuth nitrate with a solution of 
ammonium nitrate having the above concentration ; dry 
and ignite in a porcelain crucible. The filter should be 
burned upon the inverted crucible lid. The ignited residue 
is oxide of bismuth, Bi^O,. 

The oxide first obtained may be converted into metallic 
bismuth, if ignited in a current of hydrogen gas. 

In the filtrate from the bismuth nitrate determine the 
lead as sulphide, precipitating it either with hydrogen or 
ammonium sulphide. (See p. 52.) 

The insolubility of lead sulphate afibrds another method 
for the separation of these two metals. The solution is 
freed from nitric acid by evaporation — sufiicient hydro- 
chloric acid, however, being added to dissolve all the 
bismuth.* To ascertain when a sufiicient amount of acid 
has been added, pour a small portion of acidified liquid 
upon a watch-glass and add a few drops of water. If an 
immediate turbidity forms, enough acid has not been 
added. Rinse the liquid upon the watch-glass with alco- 
hol. For the precipitation of the lead, add dilute sul- 
phuric acid to the liquid, and if any lead chloride has 
separated out, allow the acid to act upon it, before the 
addition of alcohol (sp. gr. 0.8). Wash the lead sulphate 
first with alcohol, mixed with a small quantity of hydro- 
chloric acid, finally with pure alcohol. The precipitate is 
ignited as described, p. 49, and then weighed. 

The filtrate is at once mixed with a large quantity of 
water and the bismuth precipitated as oxychloride (BiOCl 
— ^bismuth basic chloride). If no further precipitation is 
produced upon the addition of more water, filter off the 
precipitate, and by fusing it with KCy convert it 

* If much lead has gone in solution, crystalline lead chloride 
will separate. 
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into metallic bismuth.* For this pm-pose the bismuth 
oxjchloride, placed in a porcelain crucible, is mixed with 
five times its quantity of potassium cyanide and fused over 
an ordinary lamp. By protracted fusion the small par- 
ticles of bismuth may be collected to one large globule. 
After cooling, digest the fused residue with cold watQr, 
filter the bismuth upon a dried and weighed filter, wash- 
ing it at first with dilute and finally with absolute alcohoL 
Dry at 100° C. and weigh. 

In the process of fusion the porcelain crucible is gene- 
rally more or less attacked, and the bismuth consequently 
rendered impure by loosened particles cf the crucible. To 
avoid the error thus occasioned, dissolve the bismuth in 
dilute nitric acid and weigh the residue. 
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Add sulphuric acid to the nitric acid solution and eva- 
porate the latter upon the water-bath until nitric acid 
\apors no longer escape, then pour water upon the cooled 
residue and add one-third volume of alcohol. Filter the 
separated lead sulphate, wash with aqueous alcohol, dry, 
ignite, and weigh (p. 49). 

After the expulsion of the alcohol from the filtrate, the 
zinc in the latter is determined either as sulphide or oxide 
(p. 18). 

Hydrogen sulphide may be employed for the separation 
of these two metals. Evaporate the nitric acid solution 
to dryness, take up the residue with a large quantity of 
water, adding a few drops of hydrochloric acid, and pre- 
cipitate the lead with the above reagent (p. 30). 

* In this case the BiOCl cannot be directly weighed, because 
in the presence of sulphuric or phosphoric acids the precipitate 
will consist of compounds of bismuth with these acids. 
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Precipitate the zinc in the filtrate as sulphide or car- 
bonate. 

Alloy of Bismuth and Copper. 

^ .The nitric acid solution of the alloy is evaporated upon 
a water-bath, the residue mixed with a few drops of hy- 
drochloric acid and a lai^e quantity of water added. 
When the bismuth oxychloride formed has subsided, and 
the liquid remains clear upon the further addition of 
water, transfer the precipitate to a weighed filter, wash it 
with water slightly acidulated with hydrochloric acid, 
then dry it at 100^ C. until constant weight is obtained. 

BiOCl : Bi : : wt. BiOCl : x. 

The copper in the filtrate may be separated either as 
oxide (p. 14), sulphide (p. 15), or as metallic copper. 

For the execution of the latter mode of estimation, con- 
centrate the filtrate, placed in a weighed platinum dish,* 
by evaporation, and throw into the liquid a small piece of 
zinc or cadmium.f When necessary add drop by drop 
sufficient hydrochloric acid to produce a moderate evolu- 
tion of hydrogen gas, and cover tlie dish with a watch- 
glass. When the reduction is complete (ascertained by 
the addition of ammonium hydrate to a portion of the 
clear liquid) and all the zinc is dissolved, pour off tlie fluid 
(when necessary through a small filter), wash the copper 
by decantation with boiling water, until the liquid ceases 
to give a hydrochloric acid reaction. The last traces of 
water are removed by rinsing out the dish with absolute 
alcohol. Dry the copper at 100° C. and weigh. 

* A porcelain.dish may be used ; the reduction, however, will 
then be much slower. 

f Cadmium is preferable to zinc, because the latter generally 
leaves a residue when dissolved in acids. 
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As cadmium is not so greatly acted upon hj dilute acids 
as zinc, the same piece may be repeatedly employed for 
reduction. (Classen, Journal f, prakt. Chemie^ 96, 257.) 



Alloy of Copper and Tin. 
Bronze. 

Bring the alloy into a porcelain dish provided with a 
cover, and poor over it nitric acid of sp. gr. 1.3, and, 
when the first action ceases, and there is no longer any 
visible decomposition occorring, apply heat. After all 
the tin has been ccm verted into stannic oxide, evaporate 
the solution upon the water-bath. Care should be taken 
to expel the nitric acid perfectly, and the cold residue is 
then moistened with a few drops of nitric acid, »id this 
diluted with water. After the stannic oxide has perfectly 
separated, filter the clear su{)ematant liquid and wash the 
precipitate with water, until the washings no longer give 
an acid reaction with blue litmus paper. The stannic 
oxide is ignited and weighed. (See p. 54.) 

To remove the cupric oxide invariably adhering to the 
stannic oxide, mix the latter with four to five times its 
quantity of equal parts of sodium carbonate and sulphur ; 
then fuse in a porcelain crucible. (See p. 54.) 

The copper sulphide obtained by lixiviating the fused 
residue is ignited in a current of hydrogen gas, then esti- 
mated, and the amount of cupric oxide calculated from 
the found sulphide is deducted from the first weight of 
stannic oxide. 

In the filtrate from the tin, the copper is determined as 
given above. 

When the bronze contains lead, its precipitation pre- 
cedes that of the copper. This is effected by adding dilute 
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sulphuric acid to the solution, and then evaporating. (See 
Brass, p. 49.) 

A second method for separating copper from tin is based 
upon the precipitation of the latter with dilute sulphuric 
acid. The residue obtained by the evaporation of the 
nitric acid solution is moistened with strong hydrochloric 
acid, and after standing some time (about half an hour), 
mixed with water and heated until all the stannic oxide 
has been dissolved. From this solution of stannic chlo- 
ride the tin is precipitated hj dilute sulphuric acid. When 
the stannic oxide has fully settled, it is filtered and washed 
with water until nitrate of silver causes no cloudiness 
when added to the washings. If more hydrochloric acid 
was added to the liquid than was required to dissolve the 
stannic oxide, it must be diluted with a large excess of 
water, so that the stannic oxide will separate out per- 
fectly. The liquid should then be first filtered, after 
having stood from twelve to twenty-four hours. The 
dried precipitate is repeatedly ignited with the addition 
of a small piece of ammonium carbonate. 

The copj)er in the filtrate can be estimated after one 
of the methods already described. 

Alloy of Nickel and Copper. 

Nickel Coins. 

The residue obtained by the evaporation of the nitric 
acid solution is dissolved in water ; this solution strongly 
acidified with hydrochloric acid, and the copper precipi- 
tated by hydrogen sulphide. The copper sulphide is fil- 
tered, ignited, and weighed; the precautions mentioned 
on p. 48 being closely observed. 

The filtrate is boiled to expel the hydrogen sulphide, 
and the nickel precipitated by the addition of sodium 
hydrate. (Sec p. 23.) 
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Besides the two metals just disposed of, nickel coins 
frequently contain weighable quantities of iron and cobalt, 
which would be precipitated as hjdrated oxides together 
with the nickel. This being the case, dissolve the me- 
tallic nickel that has been obtained in nitric acid, and 
very nearly neutralize the solution with ammonium hy- 
drate ; then add ammonium carbonate in excess. After 
the solution has been digested some time, the precipitate 
of ferric oxide is filtered and dissolved upon the filter in 
hydrochloric acid, and the precipitation with ammonium 
carbonate repeated. By ignition in a stream of hydrogen 
gas, ferric oxide is converted into metallic iron. To esti- 
mate the cobalt evaporate the filtrate from the ferric 
hydrated oxide to dryness, expel aU ammoniacal salts by 
gently igniting the residue; then dissolve the latter in 
hydrochloric acid, with addition of a few drops of nitric 
acid, and precipitate the cobalt as potassium-cobaltic ni- 
trite, just as given on page 22. 

The found percentages of metallic iron and cobalt are 
deducted from the nickel. 

The ii-on may also be separated from the nickel and 
cobalt by neutralizing the acid solution with ammonium 
hydrate, then adding acetate of sodium or ammonium, and 
finally precipitating with a neutral alkaline succinate at 
a gentle heat,, and filtering the succinate of iron from the 
solution which contains the rest of the metals. The pre- 
cipitate of iron is washed with cold water, then with warm 
ammonium hydrate, and by ignition converted into ferric 
oxide. 



Alloy of Goppsr, Zino and Nickel. 

The residual mass remaining after the evaporation of 
the nitric acid is taken up with water, the solution acidi- 
6 
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fied with hydrochloric acid, and hydrogen sulphide added 
to throw down the copper. (See p. 48.) The filtered 
copper sulphide should he dissolved and the precipitation 
repeated. (See Brass, p. 50.) 

Boil the filtrate to fully expel the hydrogen sulphide 
(finally adding a few drops of nitric acid), and mix with it 
so much sodium carbonate that merely the slightest trace of 
free acid exists in the solution. We can very readily hit this 
point if we add sodium carbonate, drop by drop, until a 
precipitate is just produced, and this then dissolved in a 
drop of hydrochloric acid. Conduct hydrogen sulphide into 
this (cold) solution as long as zinc sulphide is precipitated, 
then add a few drops of a dilute sodium acetate solution 
and more hydrogen sulphide, until the liquid is fully satu- 
rated with the gas. After standing twelve hours, the zinc 
sulphide is filtered, washed and weighed (p. 20). 

If this mode of procedure is closely pursued, the zinc 
sulphide that is obtained is perfectly free from nickel. It 
is advisable to redissolve the precipitate and repeat the 
precipitation. 

After boiling off the hydrogen sulphide in the filtrate, the 
nickel is precipitated and determined as given on page 23. 

When cobalt and iron are present, the nickel is to be 
separated from these. (See p. 61.) 

Another method of separation for these metals depends 
upon the deportment of a solution of the cyanides of the 
bases in potassium cyanide with potassium sulphide. The 
concentrated solution (free from hydrogen sulphide) of the 
two metals is mixed with an excess of sodium hydrate, 
and the precipitate formed dissolved in potassium cyanide, 
and upon the addition of potassium sulphide only zinc sul- 
phide will be precipitated. 

The filtrate from the zinc sulphide is boiled, and a drop 
of aqua regia added to decompose the potassium-nickel 
cyanide. The ebullition is continued until the odor of 
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hydrocyanic acid is no longer perceptible, and the nickel 
then precipitated in the usual manner with sodium hydrate. 
As the zinc sulphide precipitated by potassium sulphide 
readily retains some of the precipitant, it should not be 
directly weighed, but be again dissolved in hydrochloric 
acid, and after the removal of the hydrogen sulphide the 
zinc is precipitated with sodium carbonate (p. 18). 



Alloy of Tin, Gopi>er, Lead and Zino. 

If the alloy can be pulverized, mix a weighed portion 
of the same (about 1 grm.) in a porcelain crucible with 6 
to 7 times its quantity of equal parte of sodium carbon- 
ate and sulphur, then fuse. The aqueous extract of the 
fused mass contains the sodium-tin sulphide, while the 
residue consists of the sulphides of the other three metals. 
The latter are filtered with exclusion of air, and washed 
with water containing hydrogen sulphide. From the 
sodium sulphide solution the tin is thrown down and 
estimated as in the analysis of Soft Solder (p. 55). 

Dissolve the sulphides of copper, lead and zinc in 
aqua regta, and evaporate the solution to dryness. The 
methods may here be employed which have already been 
given in the analysis of Brass (p. 49). 

If the alloy cannot be cut into small pieces, it must be 
oxidized with nitric acid. The method of procedure then 
is analogous to that employed in analyzing Soft Solder 
(p. 54). The residual stannic oxide, however, always 
contains weighable quantities of copper and lead, and 
must, therefore, be fused with soda and sulphur and the 
tin determined in the aqueous extract from the fused mass 
(p. 54). 

The remaining metallic sulphides are dissolved in nitric 
acid, and this then added to the original solution. For 
the rest, follow the method given on page 49. 
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Alloy of Tin, Lead, Bismuth and Cadmium. 

Wood's Metal. 

The residue that remains after eTaporating the nitric 
acid is moistened with a little of the same acid, and the 
stannic oxide that has separated from the aqueous solution 
is filtered off, (See Bronze, p. 59.) To free the latter 
from the adhering metallic oxides (contains besides lead 
a tolerably large quantity of bismuthic oxide) fuse the 
washed precipitate with sodium carbonate and sulphur, 
and precipitate the tin as sulphide, according to page 55, 
from the aqueous solution of the fused mass. 

The insoluble sulphides remaining after the treatment 
with water are dissolved in nitric acid, and this solution 
added to the original. 

After expelling as much acid as possible from the solu- 
tion, precipitate first the lead as sulphate, and then the 
bismuth as oxjchloride, proceeding in these operations as 
directed on page 56. 

The filtrate from the latter precipitate is concentrated 
bj eyaporation, and the cadmium thrown down bj hydro- 
gen sulphide gas as cadmium sulphide. The precipitate 
is collected upon a filter, dried at 100° C, and weighed, 
and then washed first with water containing hydrogen sul- 
phide, to which has been added some hydrochloric acid, 
and finally pure water is employed. The cadmium sul- 
phide is dried at 100° C, until constant weight is obtained, 
and from this is then estimated the metallic cadmium pre- 
sent — 

CdS : Cd = 144 : 112. 

Instead of estimating the cadmium as sulphide it may 
be separated as carbonate, and this converted by ignition 
into oxide. The method of procedure in this instance is 
then perfectly similar to that described in the estimation 
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of zinc as oxide (p. 18). In igniting the precipitate, 
care should be taken to have previouslj remoYed it per- 
fectlj from the filter. Howeyer, to avoid the redaction or 
volatilization of anj adherent cadmiom carbonate while 
burning the filter, moisten the latter with a solution of 
ammonium nitrate, dij, and then incinerate it upon a 
crucible lid. 

CdO : Cd = 128 : 112. 



Alloy of Tin, Iiead, Bismuth and Mercury. 

The course of analysis is similar to that employed in 
the preceding example. In the filtrate from the bismuth 
oxychloride precipitate the mercury as sulphide by hydro- 
gen sulphide. The precipitate is collected as soon as pos- 
sible upon a weighed filter, washed with water, dried at 
100^ C, and weighed. 

HgS : Hg = 232 : 200. 

To separate the bismuth from mercury according to the 
above directions, it is required that the latter be present 
in the solution as a mercuric compound. To be certain 
that all the mercurous nitrate has been converted into 
mercuric nitrate, the digestion of the aUoy with an excess 
of nitric acid is continued for some time. 



Alloy of Antimony and Tin. 

A weighed quantity of the finely divided alloy placed in 
a covered porcekun dish is oxidized by the gradual addi- 
tion of strong nitric acid (1.4 sp. gr.), and heat then ap- 
plied, after the first action has ceased, until the residue 
appears perfectly white. After evaporation the residue is 
brought into a silver crucible, the last particles of oxide 

6* 
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adhering to the dish heing rinsed into the cmcihle with 
sodium hjdrate, this then evaporated and the readne 
mixed with eight tiroes its bulk of solid sodium hydrate, 
and fnsed for some time at a red heat OTer an ordinaiy 
homer. To disserve oat the sodium stannate that has 
been formed, poor a large quantity of hot water upcm the 
cooled mass, stir weD, and when the liquid has beemne 
eool add one-third tcL alcohol of 0.833 ^ gr. After 
the sodium antimoniate remaining insoluble has subsided, 
filter, washing the residue first with a mixture of equal 
Tolumes of water and alcohol of the above strength, and 
finally with three Tcdumes alcohol and one volume water. 

To the alccAolic filtrate add hydrochloric acid to acid 
reaction,^ and precipitate the tin by hydrogen sulphide 
as tin sulphide. This is finally estimated as oxide. (See 
p. 55.) 

To estimate the antimony dissolve the sodium antimo- 
niate upon the filter with a mixture of equal parts of hy- 
drochliHic and tartaric acids. The solution is diluted with 
water and the antimcmy precipitated as sulphide. (See 
p. 52.) 



Alloy of Arsenic, Antimony and Tin. 

In conmiencing the analysis treat the finely divided 
alloy precisely as in the foregoing example. Besides the 
sodium stannate the alcoholic filtrate from the sodium an- 
timoniatef contains also the arsenic as sodium arseniate. 

* In case a white {»eeipitate of sodium stannate separates oat 
on the addition of the acid, it is not necessary to add enoagh of 
the latter to redisscdre the fnroer, but it may be converted into 
sulphide by leadii^ hydrogen sulphide into the scdution. 

f For the estimation of the antimony the sodium antimoniate 
is treated as heretofore. 
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The liquid is again mixed with hydrochloric acid, and 
hydrogen sulphide conducted into it. As the arsenic 
acid is but slowly precipitated* as arsenic tersulphide, 
hydrogen sulphide should be allowed to stream through 
the solution heated to about 70° C, for some time. When 
the precipitation is complete, allow the solution to stand 
several hours in a warm place, and expel the excess of 
hydrogen sulphide by passing carbon dioxide through the 
liquid. The sulphides are collected upon a weighed filter, 
and dried at 100*^ C, until constant weight has been ob- 

tained.t 

To estimate the arsenic and tin in this mixture of arsenic 
sulphide, tin sulphide and sulphur, introduce a weighed 
portion of the precipitate into a bulb-tube, J connecting the 
one limb of the latter with a hydrogen sulphide apparatus, 
while the other bending downwards dips into a solution of 
ammonium hydrate. 

To guard against any loss of arsenic sulphide a second 
absorption apparatus partly filled with ammonium hydrate 
is placed before the receiver. 

When the entire apparatus is filled with hydrogen sul- 
phide, commence heating the contents of the tube at first 
gently, but gradually intensifying the heat, as long as a 
coating of arsenic sulphide is produced. 

* Upon first passing hydrogen sulphide through an acid 
solution containing arsenic acid, there is no precipitation, be- 
cause the H,S has a pe<iucing effect upon the acid : HjAsO^-f- 
H,S= HjAsOj-hS-f- H,0. 

f In regard to the filtration of the tin sulphide, attention 
should be paid to what has already been said (p. 55). 

J It is very difficult to fill the weighed substance into the 
tube without suffering some loss, and it is therefore advisable to 
first dry the tube at 100° C, and determine its weight, then 
bring an indefinite amount of substance into it, dry at the same 
temperature, and reweigh the tube. 
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AiWr the apparatus has cooled cut off the bent limb of 
the tube immediately behind the bulb, and dissolve out 
the sublimate contaiued in it with warm dilute potassium 
hydrate. Finally, the potassium hydrate and the contents 



of the bulb are brought in a porcelain dish and evaporated 
to dryness upon a water-bath. The residue is carefully 
oxdized with fuming nitric acid. Or hydrochloric acid 
may be poured directly upon the cont«ntg of the bulb, a 
little potassium chlorate added, luid heat applied until all 
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the suspended arsenic snlphide has been dissolved — ^the 
arsenic existing in the solution as arsenic acid. 

In both instances the onoxidized sulphur that remains 
behind should be filtered off, and after the addition in ex- 
cess of ammonium hydrate to the filtrate, throw down the 
arsenic as ammon-magnesium arseniate. The precipitation 
and washing of the precipitate is executed as given in the 
determination of phosphoric acid. (See Sodium Phosphate 
— direct determination of the phosphoric acid, p. 25.) 
The precipitate may be either dried at 105^-110^ C. upon 
a weighed filter, and then weighed, or hj gradual heating 
it may be converted into magnesium arseniate. 

In the latter case the precipitate is transferred to a por- 
celain crucible, the filter, ailfcer being moistened with am- 
monium nitrate, incinerated upon a platinum wire, and the 
whole then heated at first in an air-bath to 130^ C, the 
temperature being gradually increased to 400*^ C. After 
continuing this several hours until all the ammonia has 
been volatilized, the contents of the crucible are gradually 
more stron^y ignited, finally to intense redness. 

The precipitate dried at 100^ C. has the composition 

MgNH^AsO,-hH,0; 
the ignited precipitate is 

The tin sulphide remaining in the tube after the decom- 
position is converted into oxide* by emptying it into a 
porcelain crucible, moistening with a few drops of nitric 
acid, and then applying heat, at first gently, then gradu- 
ally raising it to a bright redness (p. 55). 

If a bulb-tube of difficultly fusible glass has been em- 
l^oyed in the operation, the tin sulphide may be converted 

* The tin sulphide contains variable quantities of sulphm*, 
and therefore cannot be determined in this form. 
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into oxide by igniting the former strongly, and passing a 
current of air over it. 

Another method of separation for these three metals is 
based upon the fact that from a potassium sulphide solution 
of their sulphides, sulphurous acid will precipitate the an- 
timony and tin as sulphides, while the arsenic will remain 
in the solution as potassium arsenite. The alloy is pre- 
viously oxidized with nitric acid, then evaporated to dry- 
ness, and the residue digested with potassium sulphide 
until perfect solution has been effected. The solution is 
now mixed with a large excess of aqueous sulphurous acid, 
and the whole digested for some time upon the water- 
bath, and finally boiled to expel all the sulphurous acid, 
and the liquid reduced to one-third its original volume. 

The sulphides of antimony and tin are filtered off, and 
separated as directed on page 65. 

The filtrate is acidified with hydrochloric acid, and the 
arsenic precipitated by means of hydrogen sulphide. The 
arsenic tersulphide is filtered and dissolved in hydrochloric 
acid upon the addition of potassium chlorate, and deter- 
mined as ammon-magnesium arseniate as already above 
described. 

Gassiterite. 
Tin Stone. 

Composition. — Stannic oxide together with small quan- 
tities of ferric oxide. 

The method of analysis to be employed here readily fol- 
lows from what has already been given. As the mineral 
is not attacked by acids, a weighed portion of it should 
be dried at 100° C, then fused in a porcelain crucible with 
eight times its quantity of sodium carbonate and sulphur. 
The fused mass after becoming cool is treated with water, 
and the tin which has passed into solution in the form of 
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sodium -tin sulphide may be precipitated and determined 
as heretofore directed. Generally, after the treatment of 
the fused mass with water, there remains a slight black 
residue of iron sulphide, which is filtered, washed with 
water containing hydrogen sulphide, and then dissolved 
in hydrochloric acid with addition of some nitric acid. 
Upon the addition of ammonium hydrate to this solution 
the iron is precipitated as hydrated oxide of iron. (See 
p. 24.) 

Sidezite. 

Composition, — Ferrous carbonate together with man- 
ganous, calcium and magnesium carbonates. 

Estimation of the Iron^ Manganese^ Calcium and Mag* 
nesium, — A weighed portion of substance* (1.5-2 grms.), 
dried at 100° C, is placed in a well-covered porcelain 
dish and dissolved by the addition of hydrochloric acid. 
When insoluble gangue remains the solution is diluted 
with water and filtered, and the weight of the gangue 
determined by ignition in a platinum crucible. 

To separate iron from manganese and the alkaline 
earths, after either of the subjoined methods, it is required 
that the iron exist in the ferric state, whilst the manganese 
should be present in the form of protoxide. The conver- 

* In the analysis of ores and furnace products it is necessary 
to first obtain a good average sample. The ores, etc., are re- 
duced to small pieces the size of a pea in an iron mortar, and 
the sample then uniformly spread out. A small portion of the 
rather finely divided substance is removed with a spatula or 
spoon, placed in an iron mortar and rubbed to a fine powder. 
With this sample proceed as is generally done, grinding it in 
an agate mortar until no hard pieces are any longer noticed 
with the pestle. 
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sion of the ferrous chloride in the solution into ferric 
chloride may be effected by the addition of a sufficient 
quantity of concentrated nitric acid to the liquid, and 
heating until the latter has assumed a pure yellow color. 
Pulverized potassium chlorate may be substituted for nitric 
acid in the oxidation. To the perfectly cool and strongly 
diluted liquid* add first an excess of ammonium chloride, 
then neutralize the greater portion of the free acid 
with ammonium hydrate, finally with a dilute solution of 
ammonium carbonate. The precipitate produced by this 
last reagent disappears at first promptly when the liquid 
is stirred, but gradually more slowly, then add ammonium 
carbonate, drop by drop, until the liquid, after some 
standing, becomes somewhat turbid. If, however, too 
much ammonium carbonate has been added, and the pre- 
cipitate produced remains, mix in acetic acid, drop by 
drop, and allow it sufficient time to act, so that the preci- 
pitate may be dissolved by the least possible quantity of 
acetic acid. 

The solution is now brought to boiling and continued 
in ebullition until the carbon dioxide has been com- 
pletely expelled. The separated precipitate of basic ferric 
oxide subsides very rapidly, and may be very quickly 
washed by decantation with hot water. At the close of 
the operation add a few drops of ammonium hydrate to 
the wash-water. 

If the liquid had not been exactly neutralized, or if too 
much acetic acid had been employed to effect the solution 
of the precipitate produced by ammonium carbonate, a 
portion of the ferric oxide may remain in solution, which 
would be indicated by the yellow coloration of the super- 
natant liquid. This being the case, add ammonium hy- 

* The separation from manganese is only a success when the 
quantity of iron dissolved in a litre is at the highest 3.4 grms. 
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drate, drop by drop, to slight alkaline reaction,* stir well, 
and allow the precipitate to subside. 

The precipitate of ferric oxide must be washed until 
the addition of silver nitrate to the filtrate causes no 
cloudiness, then dried, ignited, and weighed (p. 24). 

Another and much better method for the separation of 
iron from manganese is based upon the precipitation of a 
dissolved ferric salt as basic ferric acetate. The solution 
of the ferric salt is neutralized with sodium carbonate, 
proceeding just as in the neutralization with ammonium 
carbonate, and then adding sodium or ammonium acetate in 
somewhat of an excess. The solution is heated to boiling, 
causing the iron to be precipitated as basic ferric acetate, 
whilst the manganese (and the alkaline earths) remain 
dissolved. The rest is the same as in the preceding 
method. 

The filtrate from the iron should be acidified with hy- 
drochloric acid,t then concentrated by evaporation and 
the manganese precipitated as sulphide. The liquid is 
placed in a flask of about 200 C. C. capacity, mixed with 
ammonium hydrate to alkaline reaction, and then ammo- 
nium sulphide in slight excess added4 

Fill the flask almost full with water (best boiled) and 

* An excess of ammonium hydrate should be avoided, since, 
if allowed to stand a while, manganic hydrated oxide is apt to 
separate. 

f Hydrochloric acid is merely added to prevent the separa- 
tion of manganic hydrate. 

J For precipitation employ yellow ammonium sulphide free 
of dissolved sulphur, or some that has not been decomposed by 
the action of the air. When the solution of the manganese 
salt that is to be precipitated contains a proportionately large 
quantity of ammonium hydrate, the precipitation of the man- 
ganese can be totally prevented if ammonium sulphide contain- 
ing polysulphides is employed. 
7 
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allow twelve hours for the manganese sulphide to* settle. 
It is then filtered and washed with water containing am- 
monium chloride and sulphide (then proceed as directed 
on page 22), ignited and weighed. 

The filtrate from the manganese sulphide is acidified 
with hydrochloric acid, warmed until the liquid becomes 
clear, and the separated sulphur then filtered ofil Satu- 
rate the solution with ammonium hydrate and precipitate 
the calcium as oxalate (p. 13), and the magnesium in the 
filtrate throw down as magnesium -ammonium phosphate 

(p. 16). 

[Or, instead of precipitating the manganese as sulphide, 

it may be removed from the solution by adding bromine 
water to the rather dilute acetate solution. The manga- 
nese present will fall down as binoxide. The solution 
should be heated after adding the bromine, and the liquid 
then allowed to stand some hours before filtering. Wash, 
first by decantation, then upon the filter. It may now be 
directly ignited or redissolved and precipitated by sodium 
carbonate and determined as protosesquioxide. In the 
filtrate determine the calcium and magnesium as above 
directed.] 

When rather large quantities of calcium are present in 
the siderite, it is not advisable to first precipitate the man- 
ganese by ammonium sulphide, because the alkaline solu- 
tion readily absorbs carbon dioxide and calcium carbonate 
will be admixed with the manganese sulphide. The pre- 
cipitation of the calcium as oxalate, therefore, here pre- 
cedes that of the manganese. The filtrate from the ferric 
oxide, concentrated by evaporation, is mixed with ammo- 
nium hydrate to alkaline reaction, then rendered slightly 
acid by acetic acid, and ammonium oxalate added. In 
the filtrate from the calcium oxalate precipitate first the 
manganese, and, after destroying the ammonium sulphide 
with hydrochloric acid, remove the magnesium, as above 
directed. 
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The carbon dioxide is determined after the method 
given at page 33, and the water according to page 36. For 
both analyses the substance should have been dried at 
100° C. 

Instead of estimating the iron from the ferric oxide 
obtained,* it is preferable, particularly when the ascertain- 
ment of the amount of iron is solely regarded, to employ 
the volumetric method of determination, which is excel- 
lent, both on account of its rapid as well as sure exe- 
cution. 

This method depends upon the following principle : If 
potassium permanganate is added to the acid solution of a 
ferrous salt, the latter will be converted into ferric oxide, 
and the color of the permanganate will disappear as long 
as ferrous oxide remains in the liquid. 

10FeO+Mn,Oy=2MnO+5Fe,O5, or 

lOFeSO^ + 2KMnO, + 8H,SO,=5Fe,(SO,), + K,SO,+ 

2MnSO,+ 8H,0 

As soon as the oxidation is complete, the first drop of 
permanganate in excess will produce a distinct rose-red 
coloration. 

The estimation of the iron after this method is so exe- 
cuted that, to the liquid containing it in the ferrous con- 
dition, permanganate is added from a burette until a per- 
manent, slight red coloration is imparted to the solution. 

Since, in this process, the permanganic acid is reduced 
to manganous oxide, the iron solution must always contain 
a certain amount of free acid, to retain in solution the 
manganous oxide. As a permanganate solution, a liquid 
is employed which contains approximately 5.65 grmsc 

* The direct gravimetric estimation of the obtained ferric 
oxide only affords a correct result when alumina and phosphoric 
acid are not at the same time present, as they would also be 
mixed with the precipitate. 



4 
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crystallized permanganate, dissolved in 1 litre of water. 
1 C. C. of this solution about corresponds to 0.01 gnn. of 
metallic iron. As the solution is not absolutely stable, no 
definite strength is assigned it. This is ascertained imme- 
diately before being employed. 

Fig. 5. 




Standardizing the Potassium Permanganate, — Weigh 
off about 0.2 grm. thin, clean, piano wire, dissolving it, 
placed in a flask of about 200-300 C. C, in dilute sul- 
phuric acid, with application of heat. To prevent the 
oxidation of any of the ferrous salt produced during the 
operation, there is secured upon the neck of the flask a 
caoutchouc valve, which permits the exit of vapors, but 
prevents their entrance. Or, while the solution is being 
efiected, a stream of carbon dioxide is conducted through 
the liquid to hinder the oxidation of the ferrous salt. 
When the solution is finished, dilute the liquid with water 
(boiled water is best), adding afterwards dilute sulphuric 
acid. The permanganate solution is now passed in from 
a burette, until its color begins to disappear rather slowly, 
when it is added drop by drop, until the liquid has ac- 
quired a light rose-red coloration. To better perceive 
this, place a piece of white paper beneath the flask. 
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Read oiF upon the burette the number of C. C. perman- 
ganate that have been used. If a equals the weighed 
amount of iron wire, t the C. C. permanganate used, then 

1 C. G. of the latter will correspond to — grm. iron. 

As the piano wire is not absolutely chemically pure, 
containing upon an average about 0.4 per cent, carbon, 
therefore the weighed quantity of it must be multiplied 
by 0.996, to ascertain the actual amount of iron present. 
0.2 grm. piano wire, therefore, contains 0.1992 grm. pure 
iron. 

In place of the iron, in standardizing the permanganate, 
ferrous-ammonium sulphate may be employed. As the 
iron in this salt is exactly | of its weight, in this case 1 

C. C. of permanganate would = — grm. iron. 

' For the determination of the amount of iron in siderite 
proceed first as was done in standardizing the solution. 
The requirement is, that all iron be present in the ferrous 
state. Further, that the liquid to be titrated contains 
neither free hydrochloric nor nitric acid.* 

Dissolve 0.2-0.4 grm. (depending upon the amount of 
iron in the mineral) in hydrochloric acid, and evaporate 
the solution to dryness on a water-bath. The residue is 
saturated with an excess of dilute sulphuric add, heated 
and then diluted with a large quantity of water. When 
a large amount of insoluble silicic acid is present, it should 
be first filtered, in order that the final reaction may be 
better observed. As a portion of the ferrous oxide is con- 

* Hydrochloric acid has a direct decomposing efiect upon 
potassium permanganate : — 

KMnO,-H 8HC1= HCl + MnCl, -|- 5C1 -h 4H,0. 

It is obvious that neither oxidizing compounds nor organic sub- 
stanccp decomposing permanganate should be present. 

7* 
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verted into ferric oxide while effecting solution and the 
evaporation of the liquid (siderite may also contain ferric 
compounds), the latter must be again reduced to the fer- 
rous state. To this end throw small pieces of zinc into 
the warm solution ; they will be dissolved with liberation 
of hydrogen gas. 

During the process of the reduction of the ferric to 
ferrous oxide the yellow color of the solution gi*adually 
disappears, and eventually it becomes colorless. The re- 
duction may be hastened by a continual, gentle heating of 
the liquid. When the disengagement of the gas has grown 
weaker, add more dilute sulphuric acid. 

Just as soon as the liquid has become colorless and all 
the zinc has passed into solution, without cooling the 
latter add potassium permanganate until the final reaction 
is observed. 

By throwing a piece of platinum wire or foil into the 
liquid simultaneously with the zinc, the reduction is more 
rapid than with pure zinc. 

Potassium permanganate may also be employed for the 
estimation of ferrous oxide in the presence of ferric oxide. 
Dissolve a weighed portion of the substance with exclusion 
of air (either in the above-figured apparatus supplied with 
a Bunsen valve or by allowing a current of carbon dioxide 
to stream over it), and the liquid may then be directly 
employed in estimating the amount of ferrous oxide. 
. A second portion of the dissolved mineral is reduced 
with zinc and the entire amount of iron then estimated 
with permanganate. From the amount of permanganate 
used in both experiments the quantity of ferrous and ferric 
oxides may be readily calculated. 

If hydrochloric acid is required for the decomposition 
of the substance, the greater portion of it should after- 
wards be expelled, and during this operation a current of 
carbon dioxide should be allowed to pass over the liquid. 
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The titration shoald then occur in a cold solution, strongly 
diluted with water. 

Another method for the oxidation of ferrous oxide, al- 
lowing the use of hydrochloric acid solutions, consists in 
oxidizing the ferrous oxide with chromic acid. 

With ferrous salt«, chromates are so decomposed that 
ferric compounds are. formed, and the chromic acid is re- 
duced to oxide. 

2H,CrO^ -h 6FeO = Cr,0, + 3Fe,0, + 2H,0. 

A liquid containing 4.919 grms. dry potassium chro- 
mate, dissolved in 1 litre of water, is employed as a 
normal solution. For standardizing the solution, an in- 
definite amount of iron or ferrous-ammonium sulphate is 
weighed off, this dissolved in hydrochloric acid, and to it 
added a solution of potassium bichromate, until all the 
ferrous oxide has been converted into ferric oxide. Fer- 
ricyanide of potassium serves as an indicator. The final 
reaction is ascertained by placing a drop of the liquid upon 
a porcelain plate, and adding to it a drop of ferricyanide 
of potassium. As long as a b]ue precipitate, or blue colora- 
tion, is produced, ferrous salts are stiU present. The 
chromate solution is added until the coloration no longer 
occurs. 

Hematite. 

The pure mineral consists of ferric oxide, water, and 
gangue, insoluble in acids, and besides weighable quan- 
tities of manganic oxide, alumina, calcium, magnesium, 
phosphoric and sulphuric acids are some of its general 
constituents.* 

* Is there, which is seldom the case, a determinable amount 
of copper present, it is precipitated as sulphide from the hydro- 
chloric acid solution (p. 47). In the first precipitation it gene- 
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When the hematite contains merely the first-mentioned 
constituents, all that is necessary to estimate the ferric 
oxide, is to dissolve in fuming hydrochloric acid from 
0.2 to 0.3 grm. substance, finely pulverized and dried at 
100^ C, and determine the iron, after previous reduction 
to protoxide, after the method given in the analysis of 
Siderite. 

Another volumetric method for the determination of 
iron, which can only be employed provided the solution 
contains the iron in the ferric state, depends upon the re- 
duction of the ferric oxide by a stannous chloride solution 
of known strength. 

Stannous chloride decomposes ferric chloride to ferrous 
chloride and stannic chloride : — 

Fe,Cl„ + SnCl, = SnCl, + (FeCl,),. 

The excess of stannous chloride added is determined by 
a solution of iodine in potassium iodide. 

2SnCl, + 21 = SnCl, + SnI,. 

If starch paste has previously been added to the liquid, 
the end of the reaction, when all the stannous chloride has 
been converted into stannic chloride and iodide, will be 
indicated by the appearance of starch iodide, which will 
impart a distinct blue coloration to the liquid. 

For the execution of this method there is required : — 
1. A solution of ferric chloride of known strength. 
This may be prepared by dissolving 10.04 grms. thin 
piano-forte wire (see the standardizing of the permanga- 
nate solution) in hydrochloric acid, and gradually adding 
pulverized potassium chlorate for the conversion of ferrous 
to ferric oxide. Finally the solution is boiled to expel all 
the chlorine present, and after cooling diluted to 1 litre. 

rally contains iron, and should, therefore, be dissolved and 
reprecipitated. 
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2. A stannous chloride solution, which may be prepared 
hj dissolving about 15 grms. of tin in hydrochloric acid. 

3. A solution of iodine in potassium iodide. This may 
be made by dissolving about 5 grms. iodine in potassium 
iodide, and diluting to 1 litre. 

The ratio of the stannous chloride solution to the iodine 
solution may now be determined by measuring off about 
2 C. C. stannous chloride, adding a few drops of thin starch 
paste, and allowing an iodine solution to pass in drop by 
drop from a burette, until the liquid becomes blue. The 
number of C. C. required is noted. 

To fix the ratio of the stannous chloride to that of the 
ferric chloride, measure off about 10 C.C. of the latter in 
a small flask, and to the boiling liquid add from a burette 
stannous chloride, until the yellow liquid has become per- 
! fectly colorless. After the solution is cool, mix starch 

paste with it and determine the excess of stannous chlo- 
ride by means of iodine. 

As the ratio of the stannous chloride solution to that of 
the iodine has been previously determined, the actually used 
C. C. of the stannous chloride necessary for the reduction 
of the ferric solution can be easily cidculated, by deducting 
from the used stannous chloride that calculated from the 
iodine solution that had been added. As stannous chlo- 
ride gradually oxidizes upon preservation, its strength 
must be ascertained upon every occasion when it is used. 
In order to avoid this oxidation Mohr proposed to pre- 
serve it under a petroleum layer (about 10 mm. deep). 
The most practical arrangement of a flask serving for this 
purpose is pictured in Fig. 6. 

The determination of ferric oxide in hematite is exe- 
cuted exactly as in the standardizing of the solution. 

The gangue or matrix in hematite, which is insoluble in 
hydrochloric acid, should be ignited in a platinum crucible 
and weighed. 
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If the portion of substance dried at 100° C. continues 
. to lose water upon stronger ignition, this may be readily 
estimated by glowing gently. 



If the mineral contains the above-men tiorted admijttores, 
the silicic acid, manganese, calcium and magnesium may 
be estimated as directed in the analysis of Si derite (p. 71). 

The ferric oxide separated from manganese contains 
also some silicic acid, together with all the alumina and 
phosphoric acid. 

The silicic acid and alumina in the ignited and weighed 
precipitate may be estimated by fusing the latter in a 
platinum crucible with 5—6 times its quantity of potassium 
hydros ulph ate (acid sulphat* of potassium), increasing the 
heat gradually to a strong red glow, and then extracting 
the cooled fused mass with water. The residual silicic 
acid is filtered off, and weighed after ignition. 
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The quantity of alumina is found when the rest of the 
silicic acid, the phosphoric acid, and the directly deter- 
mined (volumetrically) iron have been subtracted from 
the weighed precipitate of ferric oxide. 

The estimation of the phosphoric acid is best executed 
in another portion (5-10 grms.) of the dried substance. 
The finely pulverized substance is digested with nitric 
acid* to perfect decomposition, evaporated to dryness, and 
the residue warmed with dilute nitric acid. After dilution 
with water, filter off the silica and precipitate the phos- 
phoric acid by ammonium molybdate (see p. 25). 

When the mineral cannot be perfectly decomposed by 
nitric acid, mix it with six times its quantity of a mixture 
of 6 parts sodium carbonate and 1^ parts silica ; then fuse 
in a platinum crucible for about one-half hour — not allow- 
ing the temperature to become too great. The aqlieous 
extraction of the fused mass contains all the phosphoric 
acid. When manganese is present in large quantities, 
potassium manganate will be dissolved, and the solution 
have a green coloration imparted to it ; now add. a few 
drops of alcohol, and warm ; filter the colorless liquid, and 
wash the residue with water containing some sodium car- 
bonate. 

Hydrochloric acid is gradually added to acid reaction 
to the alkaline solution, and the whole heated until the 
carbon dioxide has been expelled, and the liquid then 
evaporated to dryness to cause the separation of the silicic 
acid. Dissolve the residue in water, filter, and precipitate 
the phosphoric acid by the addition of ammonium molyb- 
date (p. 25). 

Determine the sulphuric acid by fusing a weighed por- 
tion of the mineral with an equal quantity of sodium car- 

* The liquid from which the phosphoric acid is to be pre- 
cipitated should not contain any hydrochloric acid. 
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bonate, dissolving the fused mass with water, and, after 
separating out the silicic acid (see above), precipitate the 
filtrate with barium chloride. 

The determination of the sulphuric acid in the hydro- 
chloric or nitric acid solution affords less accurate result-s, 
because, upon the one hand, the barium sulphate invariably 
contains iron, while, upon the other, it is more or less 
soluble in ferric chloride. 

In estimating the water in hematite containing the alka- 
line carbonates, care must be taken not to determine it by 
loss, but it should be directly estimated (p. 36). 



Iiimonite. 

Composition, — Hydrated ferric oxide, with manganic 
oxide, alumina (calcium oxide, magnesia), phosphoric 
acid, silicic acid, sulphuric acid, and gangue insoluble in 
acids. 

For .the estimation of the manganese, alumina, calcium 
oxide, magnesia, silicic acid, and gangue, dissolve the pul- 
verized and dried (at 100° C.) mineral in fuming hydro- 
chloric acid ; and to separate the silicic acid evaporate the 
solution to dryness. Moisten the residue with hydrochloric 
acid, warm gently, then dilute with water and filter off 
the silicic acid and gangue. 

The oxides in solution are determined as directed under 
Siderite. 

When it is particularly desirable to determine the quan- 
tity of silica found together with the gangue, boil the 
residue obtained above for some time in a platinum dish 
with sodium carbonate, transferring the insoluble residual 
gangue to a filter, weigh, and dry at 100° C. The 
gangue should at first be washed with boiling water, then 
with water acidulated with hydrochloric acid, and, finally, 
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with pure water. Dry the residue at 100° C, until the 
weight becomes constant. 

The silicic acid, dissolved by the sodium carbonate, is 
determined by acidifying the solution with hydrochloric 
acid, and evaporating it to dryness. Moisten the perfectly 
dry residue with hydrochloric acid, dilute with water, and 
filter off the remaining insoluble silica. After washing 
with hot water, ignite it strongly in a platinum crucible, 
and weigh. 

In determining the iron, proceed after page 75 or page 80. 

Phosphoric and sulphuric acids are determined as in 
Hefiiatite. 

Tiie water is ascertained either by ignition or after page 
36, in the presence of alkaline carbonates. 



Clay Iron Ore. 

Composition, — Ferric oxide, alumina, and water. 

When this mineral is completely soluble in hydrochloric 
acid, i. c, when the argillaceous residue after digestion 
with hydrochloric acid is free from ferric oxide, the latter 
may be best determined volumetrically according to page 
80. The insoluble residue is then filtered off, washed, 
ignited, and weighed. 

Should it happen that the iron cannot be perfectly ex- 
tracted by digestion with hydrochloric acid, the mineral 
must then be decomposed by fusion. The finely pulverized 
substance is mixed with 4^5 times its quantity of sodium 
carbonate (or a mixture of 5 parts sod. carbonate and 7 
parts potassium carbonate), then fused. After cooling, 
dissolve the residue in hydrochloric acid, determining the 
iron volumetrically. 

When calcium and magnesium are present in the mine- 
ral, they are estimated as directed on page 71. 
8 
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The water is determined by loss, the air-dried substance 
being ignited. 

Magnetite. 
Magnetic Iron. 

Composition Ferrous and ferric oxides. The analysis 

may be variously executed. 

First Method. — Dissolve a weighed amount of the ex- 
ceedingly finely pulverized substance in hydrochloric acid, 
in a current of carbon dioxide gas, and then determine the 
ferric oxide with stannous chloride. 

A second portion of the substance is dissolved in hydro- 
chloric acid with the addition of potassium chlorate, and 
the entire amount of iron then detennined as hydrated 
ferric oxide with ammonium hydrate (p. 23). 

Second Method In a weighed portion of the substance, 

treated as directed in the first paragraph of the first 
method, the ferrous oxide may be determined with potas- 
sium permanganate, and then in the same liquid, the en- 
tire amount of ferric oxide can be estimated with stannous 
chloride. Or, after the determination of the ferrous oxide 
with permanganate, reduce the liquid with zinc, and again 
estimate all the iron with potassium permanganate. 

Or, determine in one weighed portion the ferrous oxide 
with permanganate, while in another the amount of sesqui- 
oxide is ascertained by means of stannous chloride. 

With respect to the estimation of the admixtures occur- 
ring in magnetite the analyses of Siderite and Hematite 
may be referred to. 
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Bog Iron Ore. 

Composition Mixtures of ferric hydrated oxide with 

silicates of ferrous and ferric oxides, manganic oxide, 
alumina (cupric oxide), calcium oxide, magnesia, sul- 
phuric, phosphoric and arsenic acids, and organic sub- 
stances and sand. 

The oxides are determined as directed in the respective 
analyses of Siderite and Hematite. When arsenic acid 
and cupric oxide are present, the course of the analysis 
must be somgwhat modified. After effecting the separa- 
tion of the silicic acid and gangue (see p. 84), heat the 
hydrochloric acid solution, and while doing this pass in 
hydrogen sulphide gas, allowing the saturated solution to 
stand some time in a warm place ; then filter off the mix- 
ture of copper sulphide and arsenic tersulphide. 

As sulphur invariably separates out when hydrogen sul- 
phide is conducted into solutions of ferric oxide, and as 
this obstructs the filtration and washing, it is advisable 
to first reduce the ferric to ferrous oxide, by heating 
the liquid with sulphurous acid or sodium hydrosulphite. 
The excess of sulphurous acid is removed by ebullition, 
and hydrogen sulphide then added. 

The filtrate is boiled to expel completely the hydrogen 
sulphide, oxidized with nitric acid or potassium chlorate, 
and then employed for the estimation of the remaining 
oxides. 

The separation of the sulphides of arsenic and copper 
is effected by digesting the mixture on a water-bath with 
a solution of sodium or potassium sulphide, and filtering 
off the insoluble copper sulphide (p. 48). 

The addition of dilute hydrochloric or sulphuric acid to 
the filtrate will precipitate the arsenic sulphide, which is 
filtered, washed and dissolved in hydrochloric acid con- 
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taining potassium chlorate (p. 68). From this solution, 
after neutralization with ammonium, the arsenic acid may 
be thrown down, as magnesium-ammonium arseniate 
(p. 69). 

As the copper sulphide that remains invariably con- 
tains iron, it must be dissolved in concentrated nitric 
acid, and after the evaporation of the latter, it is repre- 
cipitated by hydrogen sulphide. 

The iron contained in bog iron ore may be best estimated 
volumetrically in a separate portion of substance. If 
stannous chloride is then employed, the ferrous oxide 
present must first be converted into ferric oxide by warm- 
ing the solution with potassium chlorate. 

For the estimation of ferrous in presence of ferric oxide, 
see Siderite (p. 71), and Magnetite (p. 86). 

The phosphoric and sulphuric acids are determined as 
directed on page 83. 

Owing to the presence of organic substances, the 
amount of water cannot be estimated by ignition, nor 
even by absorption, because upon igniting with lead oxide, 
the hydrogen of the organic compounds will be oxidized 
to water. 

Dry a portion of the substance in an obliquely inclined 
platinum crucible, and apply heat — at first gently, but 
gradually increasing it. By this means we will be able 
to ascertain the percentage of water plus the organic 
material. 

Chromite. 

Chromic Iron. 

Composition Chromic oxide, ferrous oxide (ferric ox- 
ide), alumina, magnesia ; sometimes, as impurities, man- 
ganous oxide, calcium oxide, and silicic acid. 

The analysis of this mineral has long presented great 
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difficulties, because the chromite is neither attacked by 
acids (with the exception of concentrated sulphuric acid ; 
see' below), nor by fusion with alkaline carbonates. 

The decomposition may, however, be very easily 
effected, if potassium fluoride dissolved in hydrofluoric 
acid be made use of, as proposed by Gibbs. 

The finely powdered mineral is evaporated with a con- 
centrated solution of potassium fluoride in hydrofluoric 
acid, and the platinum crucible heated to faint redness for 
about one-half of an hour. After the decomposition the 
fused mass in the platinum crucible is warmed with hy- 
drochloric acid, until hydrofluoric acid no longer escapes. 
Should there, after this, remain an insoluble green colored 
residue, filter it off, and repeat the ignition with potassium 
fluoride. Generally, however, in most cases one fusion is 
sufficient to cause a perfect decomposition of the mineral. 

The ehromium oxide is separated from the other oxides 
present by diluting the solution largely with water, mix- 
ing in with this sodium carbonate in slight excess, and 
then adding sufficient bromine water* to oxidize the chro- 
mic oxide to chromic acid. The liquid should be con- 
stantly stirred, and heated to 80° or 90° C, and the 
insoluble oxides finally separated by filtration from the 
sodium chromate. 

The chromium may now be estimated, either as barium 
chromate or chromium oxide. 

For the execution of the first method acidify the alka- 
line chromate solution slightly with acetic acid ; then heat 
to boiling, and add barium acetate, and after the solution 
has cooled mix with it some alcohol. When the barium 
chromate has perfectly subsided, it is filtered off, and 

* The bromine water at the same time converts ferrous and 
manganous to ferric and manganic oxides. 

8* 
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washed with water containing ^^ vol. alcohol, dried and 
gently ignited. 

To avoid a reduction of the precipitate adhering to the 
filter, moisten the latter with a few drops of ammonium 
nitrate, dry and incinerate upon a platinum wire. 

2BaCrO^ : Cr^Oj : : wt. BaCrO^ : x. 

To estimate the chromium as oxide, add sulphurous 
acid or alcohol to the solution acidified with hydrochloric 
acid ; then boil. Precipitate the chromium in a platinum 
or porcelain dish, with ammonium hydrate. When alco- 
hol has been employed it should be expelled by boiling 
prior to the precipitation. 

The insoluble oxides (ferric oxide, alumina, manganic 
oxide, calcium oxide, and magnesia), which, after treat 
ment with bromine water, were precipitated with sodium 
carbonate, are dissolved in hydrochloric acid, and sepa- 
rated according to page 71. 

The iron precipitate produced by boiling the solution 
with ammonium carbonate or sodium acetate contains all 
the aluminum, which may be either determined by differ- 
ence or directly. 

In determining the aluminum by difference, the yet moist 
iron precipitate is dissolved in hydrochloric acid, and the 
solution reduced to a definite volume (about 200 C. C). 
In the one half the entire amount of alumina and ferric 
oxide is found by precipitation with ammonium hydi*ate 
(p. 23 and p. 37), whilst in the other measured portion of 
the liquid the iron is volume trically estimated. 

The direct determination of aluminum in the presence 
of ferric oxide is based on the principle that the former is 
not precipitated by ammonium and ammonium sulphide in 
the presence of tartaric acid. Mix the hydrochloric acid 
solution with an excess of tartaric acid, add ammonium 
hydrate and sulphide, and filter off the iron sulphide, the 
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air being excluded, and wash with water containing am- 
monium sulphide. 

The filtrate in a platinum dish, after the addition of 
sodium carbonate, is evaporated to dryness and ignited, 
until all the carbon has been burned. In the hydrochloric 
acid solution of the residue the aluminum is thrown down 
by ammonium hydrate. 

This method has not the least advantage over the pre- 
ceding, and, besides, is much more detailed and less accu- 
rate. 

For the estimation of ferrous oxide contained in chro- 
mite, introduce about 0.5 grm. of the finely pulverized 
mineral into a glass tube closed at one end, and drawn 
out at the other. Pour over the substance about 10 C.C. 
of sulphuric acid of 1.34 sp. gr. The tube is now sealed 
above, and heated in a paraffin -bath at 250^-300° C. for 
ten hours. When the mineral is completely decomposed, 
break off the point of the glass tube, pour its contents into 
water, rinse out the tube with water, and determine the 
ferrous oxide with potassium permanganate (p. 75). 

If the chromite contains silicic acid it cannot, of course, 
be determined in the portion decomposed by potassium 
fluoride. For this purpose a separate portion (or in the 
direct determination of the ferrous oxide, the same por- 
tion) should be decomposed with sulphuric acid as above 
described. All the silicic acid will remain behind upon 
diluting with water. 

[Another method for decomposing chromite, proposed 
by Dr. Genth, and which is very satisfactory, is the fol- 
lowing : — 

Take 0.5 grm. of the impalpable powder, and fuse in 
a capacious platinum crucible with 6 grms. of potassium 
bisulphate for fifteen minutes, at a temperature scarcely 
above the fusing point of the latter ; then raise the heat 
somewhat, so that the bottom of the crucible may just ap- 
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pear red, and keep it so for fifteen or twenty minutes. 
The fusing mass should not rise higher than half way up 
the crucible. The mass begins to fuse quietly, and abun- 
dant fumes of sulphuric acid escape. At the expiration 
of twenty minutes the heat is increased as much as neces- 
sary to drive out the second equivalent of sulphuric acid, 
and even to decompose partially the sulphate of iron and 
chromium. To the fused mass now add 3 grms. pure 
sodium carbonate, heat to fusion, and add in small por- 
tions from time to time during an hour 3 grms. nitre, 
maintaining a gentle red heat all the while ; then heat for 
fifteen minutes to bright redness. Treat the cold mass 
with boiling water, filter hot, wash the residue with hot 
water, then digest in the heat with hydrochloric acid. 
If anything remains undissolved, it is a portion of the ore 
undecomposed, and must be subjected to the above opera- 
tion. To weigh such a residue, and deduct it from the 
ore first taken, is not good, as it never possesses the com- 
position of the original substance. The alkaline solution, 
which often contains, besides the chromic acid, also some 
silicic, titanic, and manganic acids, and alumina is evapo- 
rated with excess of ammonium nitrate on a water-bath 
nearly to dryness, and till all free ammonia is expelled. 
On addition of water, the silicic acid, alumina, titanic 
acid, and manganese sesquioxide remain undissolved, 
while the chromic acid passes into solution, and can be 
determined as above.] 

Pyrolusite. 

Manganese Ores. 

The naturally occurring pyrolusite consists generally of 
a mixture of manganese superoxide with hydrated oxide of 
manganese, ferrous or ferric oxide, quartz, clay, calcite, etc. 
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The commercial value of the ore depends upon the 
amount of manganese superoxide it contains. 

Estimation of the Water Dry a weighed portion of 

the substance at 120° C. until constant weight is obtain- 
ed. The drying may be greatly accelerated by heating 
the substance in a thick metallic dish, and stirring with a 
thermometer, until the latter has reached the temperature 
110° C. (Mohr.) As the dried substance absorbs 
moisture from the air tolerably rapidly, it should be trans- 
ferred while yet hot to a small glass tube, that can be well 
closed, and then allowed to cool. The dried mineral is 
employed for analysis. 

As regards the estimation of the manganese superoxide, 
various methods have been proposed, from which I cite 
only those in most frequent use. 

Method of Fresenius and Will. 

In the presence of an excess of sulphuric acid, manga- 
nese superoxide brought in contact with oxalic acid is so 
decomposed that manganous sulphate, carbon dioxide and 
w^ater are produced : — 

MnO, 4- C,H.p, + H,SO, = MnSO, + 2C0, + 2H,0. 

From the above we have one molecule manganese 
superoxide corresponding to two molecules of carbon di- 
oxide, or 87 parts MnOg by weight =88 parts CO^. To 
ascertain the amount of manganese superoxide in a defi- 
nitely weighed quantity, it is only necessary to multiply 
the found amount of carbon dioxide by ||, or 0.98863. 
If a multiple of 0.98863 of black oxide of manganese, 
e. g, 3. 0.98863 = 2.9659 grms., be weighed off, it is after- 
wards only necessary to divide the found centigrammes of 
carbon dioxide by three, to ascertain directly the per- 
centage of manganese superoxide in an ore. 



94 METHOD Of FRESENIUS AND WILL. 

According to the quality of the ore, we employ for each 
estinmtion from 2.9659 to 4.9431 grms. The weighing 
is best performed in n tared porcelain or plitttnum boat. 
This operation muat be rapidly executed.* 

Fig- 7. 



The apparatus pictured in Fig. 7 is designed for the de- 
eompoailion of the manganese' ore, 

.4 is a small flaak of about 150 C. C. capacity; 5,aglas8 
tube filled with pieces of pumice-stone ; c, tube containing 
calcium chloride. The tube d extends almost to the bot- 
tom of the flask, and is closed above by a small glass rod. 

After transferring the manganese ore to A, add to it 
about 50 C. C. water, and, after the insertion of the tube h, 
mix in 4-5 C, C, concentrated sulphuric acid. When 

• A slight error cannot be avoided, beiause the sample will 
invunably attrai:! some moisture It thia i^ not allowable, the 
weighing of a de&uiu quantitj of the ore must be dispensed 
with, and a closed glass-tube bi used in the operalioii. 
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alkaline carbonates are contained in the ore, they will be 
decomposed by the acid. The carbon dioxide may be 
removed by sucking on the tube c?, closing it again with 
the glass rod, and reweighing the apparatus. (Mohr.) 

As regards the quantity of oxalic acid necessary for the 
decomposition of the ore, we know from the above reac- 
tion that, for one molecule MnOj=87, one molecule of 
crystallized oxalic acid = 126 is required. Granted that 
the ore is chemically pure, 2.9659 grms. of it would, 
therefore, decompose 4.29 grms. oxalic acid. 

When the apparatus has been weighed, bring the 
weighed amount of oxalic acid rapidly into the flask Aj 
and immediately close it. The liberated carbon dioxide 
will be perfectly dried by the pieces of pumice-stone 
moistened with sulphuric acid, and also by the calcium 
chloride. When the evolution of carbon dioxide com- 
mences to diminish, heat the flask until the liberation of 
the gas can no longer be observed. After the apparatus 
has cooled remove the glass stopper from the tube d, and 
dislodge the carbon dioxide that may remain in the appa- 
ratus by suction upon the calcium chloride tube c, then 
reweigh the apparatus. 

Method of Bunsen, 

When manganese dioxide is heated with hydrochloric 
acid, there are produced manganese chloride and chlorine 
gas: — 

MnO, + 4HC1 c3 MnCl, + CI, + 2H,0. 

If the evolved chlorine be conducted into a solution of 
potassium iodide, a quantity of iodine equal to that of the 
chlorine will separate out, and this may be estimated 
either by means of sulphurous acid (Bunsen), or, what is 
preferable, by sodium hyposulphite (Schwarz). 

When a solution of iodine in potassium iodide is mixed 
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with sodium hyposulphite, the hyposulphurous acid will 
be converted into tetrathionic acid : — 

2H,S A + 21 = H,S,0, + 2HI or 
2Na,S,03 + 21 = Na,S,0, + 2NaI. 

On adding a starch solution to the iodine solution, the 
blue coloration of the liquid (starch iodide) will disappear 
the moment the iodine has become converted into hydriodic 
acid and sodium iodide. 

For the execution of this method a sodium hyposulphite 
solution of known strength is required. This may be 
prepared by dissolving 24.8 grms. of pure crystallized 
sodium hyposulphite in 1 litre of water. As the solution, 
when exposed for some time to the air, oxidizes, and ac- 
cordingly loses its standard, it is well to add 5 grms. of 
ammonium carbonate to prevent as much as possible the 
occurrence of this alteration. (Mohr.) However, in all 
cases, it is advisable to determine accurately the actual 
strength of the solution before using it. 

For this purpose dissolve 0.1-0.2 grm. pure iodine* in 
potassium iodide (should not contain any iodic acid), di- 
lute the solution with water, and add from a burette the 
hyposulphite solution to be examined until the iodine so- 
lution bears a faint reddish-brown color. Bring into this 
a few C. C. of starch solution,! and again add sodium 

* For the production of pure iodine, mix the latter with one- 
sixth its weight of potassium iodide, dry in a watch-glass until 
iodine vapors arise, then cover it with a second watch-glass 
which will closely fit the first. By a constant gentle application 
of heat the iodine is volatilized, condenses on the upper watch- 
crystal, and, after the completion of the sublimation, may be 
collected, and preserved in a glass vessel provided with a well- 
fitting cork. 

f The starch solution is prepared by gradually mixing finely 
pulverized starch with cold water (1 part starch to 100 parts 
water), and heating the solution to boiling. 
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hyposulphite drop by drop until the blue Bolution is just 
decolorized. It' x repreeents the required C. C. of sodium 
hyposulphite solution, a the amount of iodine taken, we 
have; — 

I : Na,S,0, + 5H,0 = a : x. 



pure hyposulphite. 

The apparatus (Fig. 8) of Bunsen (modified by Fre- 
senius) is commoidy employed for the decomposition of 
manganese dioxide by means of hydrochloric acid. 

Fig. 8. 



a is a small flask of about 50 C. C capacity, which is 
connected by means of a caoutchouc tubing with the 
pipette-shaped tube b. The latter at one end is drawn out 
to a point and bent upwards. The retort c is filled one- 
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third with a solution of potassium iodide ( 1 part potassium 
iodide in 10 parts water). 

Introduce the weighed quantity of the pulverized man- 
ganese dioxide (0.1-0.2 grm.) into the flask a, fill this 
then to two-thirds its capacity with fuming hydrochloric 
acid, connect a and b as soon as possible, pushing the 
latter into the retort. Upon the application of heat to the 
flask the liberation of chlorine commences, and after from 
two to three minutes' continued ebullition, during which 
time about one-third of the liquid will have been distilled 

Fig. 9. 



off, the chlorine wiD he perfectly expelled. Grasp the 
tube at h with the left hand and remove it from the liquid, 
continually applying heat with the right hand to the flask a. 
When the contents of the retort become cold, which 
may be greatly hastened by sinking it in cold water, rinse 
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the solution carefully into a beaker, proceeding then as 
directed in the standardization of the solution. 

The potassium iodide solution may be jirevented from 
passing back inio the flask a, if at the moment we place 
the manganese dioxide in the fla^k a piece of magnesite 
be also added, which will during the decomposition afford 
a continuous stream of carbon dioxide. 

For the chlorine distillation, Mohr makes use of the 
apparatus represented by Fig. 9, 

Fig. 10. 



The tube conducting the gas is sunk into a glass tube 
of 320-340 Mm. length and 25-30 Mm. width, partly 
filled with potassium iodide, and this then introduced into 
a larger glass cylinder containing water. The cork a ii 
loosely inserted in the tube containing the potassium 
iodide. When the distillation is finished, grasp the tube 
at a, and rapidly remove it from the liquid. 
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The construction of a third piece of apparatus, proposed 
by Fresenius, is shown in Fig. 10. This form is superior 
to the preceding two, from the fact that it is impossible 
for the potassium iodide solution to recede. 

In regard to the calculation of the analysis, it must be 
borne in mind that 1 molecule of found iodine (I,) cor- 
responds to 1 molecule chlorine (Cl^), and therefore to 1 
molecule manganese dioxide (MnO,). 

Third Method. — The following method, generally known 
as the " Iron test," is used principally in England for the 
determination of the value of manganese ores. The 
method is based upon the following principle : When man- 
ganese dioxide is heated with hydrochloric acid, there re- 
sult manganous chloride and chlorine. If the chlorine is 
allowed to act upon a ferrous salt, a corresponding amount 
of ferric salt will be formed, and what is more, by the 
action of one molecule manganese dioxide, two molecules 
iron dissolved as ferrous chloride are converted into ferric 
chloride. 

MnO, + 4HC1 = MnCl, + 2C1 + 2H,0 ; 
2FeCl, + 2C1 = Fe.CV 

When definite amounts of iron and manganese ore have 
been taken for the decomposition, it is only necessary, in 
order to ascertain the quantity of manganese dioxide the 
latter contains, to determine the unoxidized portion of 
the ferrous salt. 

The apparatus shown in Fig. 11 is employed in the 
execution of this process. 

A and B are two small flasks connected with each other 
by means of a glass tube bent twice at right angles. B 
is filled with water, the glass tubing in it extending to 
the bottom. A contains the weighed quantity of iron — 
about 1 grm. piano-forte wire (equalling about 0.996 grm. 
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iron; see p. 77), and the black oside of manganese. 
After adding hydrochloric acid, connect A and B, and ap- 
ply heat. When complete solution has been effected, re* 
move the lamp, and in a short time the water in B will 
flow back into A, cooling its contents, and preparing it 
for immediate titration with potassium permanganate. 

Fig. 11. 



It should be remembered here, that in the presence of 
hydrochloric acid potassium permanganate may be decom- 
posed (p. 78). To prevent this a large dilution with 
water is absolut*'ly necessary. 

Representing the number of C. C. of permanganate re- 
quired for the oxidation of the iron employed in the 
experiment by tn, and by n the C. C. permanganate used 
upon the addition of the manganese ore after tlie decompo- 
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sition, the difference of these two numbers, m — w =j», 
would represent the quantity of iron converted by the 
manganese dioxide into ferric chloride. As 2 atoms of 
Fe are converted by 1 mol. MnO, from the ferrous to the 
ferric state, the quantity of MnO^ in the weighed portion 
of the manganese ore is ascertained from the following 
proportion : — 

2Fe : MnO^ : : j? : a: 

112 : 87 : : ;? : X 

87 
a; = ^j-r^ = /> 0.7768. 

Instead of metallic iron, sulphate of iron and am- 
monium (FeSO,+ (NHJ,SO, -I- 6H,0) maybe advan- 
tageously employed for the decomposition-. 2 molecules 
= 784 parts by weight of this salt, which will decompose 
1 mol. = 87 parts by weight of manganese dioxide. Pro- 
ceed exactly as heretofore. 

Provided that the quantity of manganese dioxide in 
the ore does not exceed 70 per cent., there are used for 1 
grm. ore about 7 grms. of the double salt of iron, and where 
the quantity of the dioxide is larger 8-9 grms. are taken. 

If/wssthe C. C. permanganate necessary for the de- 
composition of the weighed quantity of the double sul- 
phate of iron and ammonium, and n the C. C. perman- 
ganate which were used after the reduction of the ore, the 
quantity of iron oxidized by the manganese dioxide is 

87 
again the difference between m and n = p ; p-r77Z^= 

p. 0.11095, corresponding to the quantity of manganese 
dioxide in the ore. 

As already mentioned (p. 77), solutions of ferrous 
salts containing hydrochloric acid are not suitable for 
titration with potassium permanganate. In this case the 
ferrous oxide may be more accurately estimated with po- 



PSILOMELANE. 103 

tassium chromate (p. 79). If the normal solution con- 
tains exactly 4.919 grms. potassium bichromate in a litre, 
each C. C. will be equivalent to 0.004357 grm. MnO,. 
When 0.4357 grm. manganese are taken, the C.C. of po- 
tassium bichromate employed represent the percentage of 
manganese dioxide. 

Psllomelane. 

Composition. — Manganous oxide, oxygen, cupric oxide, 
ferric oxide, oxides of nickel and cobalt, barium oxide, 
calcium oxide (magnesia), potassium, lithium, and water. 

Estimation of the Manganese, Copper, Iron, Nickel, Co^ 
halt. Barium, Calcium, and Magnesium. — About 1.5-2 
grms. of the mineral, dried over sulphuric acid, are dis- 
solved in hydrochloric acid, and this solution, after being 
evaporated almost to dryness, is diluted with water. The 
insoluble residue (gangue) is filtered off, washed, ignited, 
and weighed. 

Heat the filtrate to boiling, and precipitate the barium 
with dilute sulphuric acid (p. 15), wash the precipitate of 
barium sulphate perfectly with boiling water, and in the 
filtrate determine the copper as sulphide by precipitation 
with hydrogen sulphide (p. 48). 

After the expulsion of the hydrogen sulphide from the 
filtrate of the copper sulphide, convert the ferrous into 
ferric oxide, and separate the latter from the remaining 
oxides by neutralizing the solution with ammonium hy- 
drate and ammonium carbonate. (See p. 71.) 

As the psilomelane generally contains but a slight 
quantity of ferric oxide, and its separation being tolerably 
difficult, it appears advisable, after the filtration and 
washing of the precipitate, to redissolve the same in hy- 
drochloric acid, and repeat the precipitation by saturating 
the solution with ammonium hydrate. 
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The filtrate from the ferric oxide should be concentrated 
by evaporation and placed in a flask, and after neutraliza- 
tion with ammonium hydrate, yellow ammonium sulphide 
is added in slight excess. When the precipitate produced 
has fully subsided, filter the sulphides of manganese, 
nickel, and cobalt, excluding air contact as much as pos- 
sible. Wash the mixture with water containing (NH^)jS. 
Remove the beaker containing the filtrate, replacing it by 
a porcelain dish, into which the precipitate is washed after 
breaking the filter. To avoid the loss of the particles ad- 
hering to the latter, dry the filter, and after incineration, 
add the ash to the principal portion. 

To effect the separation of manganese sulphide from 
the sulphides of cobalt and nickel, treat them with a mix- 
ture of 11 parts hydrochloric acid of 1.12 sp. gr. and 6 
parts hydrogen sulphide, and after digestion for a short time 
upon the water-bath, filter as rapidly as possible, and 
wash the residue with hydrogen sulphide, containing a few 
drops of hydrochloric acid. All the manganese sulphide 
will be dissolved, and after filtration it may be precipi- 
tated and estimated according to page 21. 

The sulphides of nickel and cobalt remaining undis- 
solved by hydrochloric acid are, after the incineration of 
the filter, ignited with free access of air and weighed as 
oxides. 

The quantity of nickel is usually too small to determine 
it separately. The separation of the two metals may, 
however, be effected by means of potassium nitrite. 

[The separation is as follows : — 

Precipitate the cobalt and nickel from the solution with 
potassium hydrate ; filter, wash perfectly and then dissolve 
in hydrochloric acid. Evaporate this solution to dryness 
in a dish placed on a water-bath. Dissolve the residue in 
a small quantity of water. Add to the concentrated liquid 
a concentrated solution of potassium nitrite, which is ren- 
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dered slightly acid by the addition of rather dilute acetic 
acid. Allow the whole to stand for at least twenty-four 
hours in a moderately warm place. The yellow colored 
double salt of cobalt separates slowly. When the precipi- 
tation is complete, the yellow supernatant liquid is filtered, 
and after the salt has been thoroughly washed with sodium 
acetate, rinse it from off the filter into a beaker glass and 
boil for some time with dilute sodium hydrate. The co- 
balt will separate out as black hydrated oxide, and is 
easily washed. 

Determine the nickel in the first filtrate from the cobalt 
salt.] 

To determine the calcium and magnesium, acidify the 
filtrate from the sulphides with hydrochloric acid, and boil 
to expel the hydrogen sulphide. Filter the liquid when 
sulphur has separated ; precipitate the calcium as oxalate 
(p. 13), and subsequently the magnesium as ammon -mag- 
nesium phosphate (p. 16). 

To determine the magnesium accurately it is necessary 
to have previously evaporated the filtrate from the calcium 
oxalate to dryness and expelled the ammoniacal salts by 
gentle ignition. The magnesium is then estimated in the 
hydrochloric acid solution of the residue. 

Determination of the Alkalies, — This is best executed 
with a separate portion of substance. Neutralize the 
hydrochloric acid solution with ammonium hydrate, and 
mix in ammonium carbonate as long as a precipitate is 
produced, then add ammonium sulphide in slight excess. 
The liquid is heated for some time upon the water-bath, 
and filtered, after the precipitate has fully subsided. 

The filtrate contains the alkalies together with magne- 
sium and some calcium. First, destroy the ammonium 
sulphide with some hydrochloric acid, neutralize the fil- 
trate with ammonium hydrate, and add in excess oxalic 
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acid or ammonium oxalate, and evaporate the solution to 
dryness in a platinum dish.* 

By igniting the residue gently the oxalates of the alka- 
lies are converted into carbonates and the magnesium 
oxalate is altered to magnesia. (See p. 45.) By treating 
the residue with small quantities of hot water the alkalies 
are dissolved, and after filtering from the magnesia, the 
solution should be acidified with hydrochloric acid and 
evaporated to dryness in a small porcelain dish. Rinse 
the residue with absolute alcohol into a small flask and 
add an equal volume of anhydrous ether. The flask is 
well corked and allowed to stand twenty-four hours with 
frequent shaking of its contents. 

Pour ofl^ the solution of lithium chloride in ethereal 
alcohol from the potassium chloride, washing the latter 
with a similar mixture and allowing the solution to eva- 
porate in the air. The lithium chloride as thus obtained 
invariably contains some potassium chloride, which re- 
mains undissolved by repeated extraction with ethereal 
alcohol. (See the analysis of Mineral Water.) 

Add a few drops of concentrated sulphuric acid to the 
lithium chloride remaining after the evaporation of the 
ethereal alcohol, and determine it as sulphate. (Determi- 
nation as potassium sulphate, p. 37.) 

By gently igniting the potassium chloride in a closed 
platinum crucible, it may be weighed as such (p. 31). 
The lithium sulphate and potassium chloride should both 
be examined for magnesia. 

* The liquid freed from the separated sulphur can under 
certain conditions contain sulphuric acid (from the ammonium 
sulphide used) . This shopld be removed with barium chloride, 
before evaporating with oxalic acid. The ignited residue will 
contain magnesia and barium carbonate. (See p. 45.) 
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Determination of the Oxygen, — The psilomelane very 
probably contains the liaanganese as dioxide together with 
manganous and manganic oxides, which, however, cannot 
be determined by analysis. All the manganese, therefore, 
present, is calculated as manganous oxide, and the amount 
of oxygen, corresponding to the oxide or dioxide, ascer- 
tained in a separate portion. 

The estimation is most accurately executed according 
to the method suggested by Bunsen (p. 95). The quan- 
tity of iodine separated by the chlorine in the decomposi- 
tion is in proportion to the sought amount of oxygen as 
254 : 16 or = 1 : 0.06299. 1 part iodine, therefore, cor- 
responds to 0.06292 part oxygen. 

Water Determination, — Best determined according to the 
method described on page 36. A tube of porcelain should 
be substituted for glass in this instance, as psilomelane 
only loses its water of crystallization at a high temperature. 



Sphalerite. 

Zinc-blende. 

The zinc-blende contains throughout together with zinc 
sulphide determinable quantities of lead, copper, iron, 
manganese, cadmium, and silicic acid. 

In the following lines the complete analysis of the 
mineral will be first described, and then the separate esti- 
mation of the zinc. 

Powder the mineral finely and dry it at 100° C. Dis- 
solve about 1 grm., placed in a porcelain dish covered 
with a watch-glass, either in fuming nitric acid, or aqua 
regia, for which purpose, first moisten the portion in- 
tended for analysis with water, and add nitric acid drop 
by drop between the watch-glass and the dish. When 
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the acid has acted for some time in the cold, apply heat 
either upon a water-bath or sand-bath, until red colored 
vapors no longer appear, then evaporate to dryness. 
Moisten the residue with hydrochloric acid, warm gently 
and add a large quantity of water. Should any crystalline 
lead chloride remain undissolved together with the gangue 
(only occurs when the blende is rich in lead), pour the 
liquid through a filter and dissolve out the lead chloride 
from the residue with boiling water. 

The insoluble gangue remaining after the washing is 
ignited and weighed. 

To determine the lead, evaporate the hydrochloric acid 
solution with sulphuric acid, until the former acid has been 
perfectly expelled, and weigh the lead as sulphate (p. 49). 

After the evaporation of the alcohol, precipitate the 
copper and cadmium as sulphides with hydrogen sulphide. 
Wash with water containing hydrogen sulphide. If the 
sulphides are digested with dilute sulphuric acid (1 part 
sulphuric acid to 5 parts water), the cadmium will be dis- 
solved, and may again be precipitated from the filtrate as 
sulphide, and determined as such (p. 64). ' The copper 
sulphide, insoluble in sulphuric acid, is also estimated as 
such (p. 48). 

Boil the filtrate from the sulphides until the hydrogen 
sulphide is perfectly expelled, then mix with it sufficient 
nitric acid or bromine water to oxidize all the ferrous to 
ferric oxide. The iron is separated from the zinc and 
manganese by means of ammonium and ammonium car- 
bonate (p. 71), or, better, with sodium acetate. It is 
well, however, to remember that the precipitate of feme 
oxide invariably contains perceptible quantities of zinc 
oxide ; therefore, redissolve the filtered and imperfectly 
washed precipitate in hydrochloric acid, reprecipitating 
the iron by saturating the solution with ammonium hy 
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drate. This is finally, as described at page 24, ignited 
and weighed. 

For the separation of the zinc and manganese, strongly 
acidity the liquid with acetic acid and conduct hydrogen 
sulphide gas through the hot solution. Ignite the zinc 
sulphide in a stream of hydrogen, and weigh (p. 20). 

To the filtrate from the zinc sulphide add ammonium 
hydrate, and precipitate the manganese with ammonium 
sulphide (p. 21). 

If, in the analysis of zinc blende, the estimation of the 
zinc is all that is required, proceed in the following 
manner : — 

The solution of the mineral is precipitated with hydro- 
gen sulphide gas, and, after boiling off the latter, oxidize 
the liquid with nitric acid or bromine water. Remove the 
iron by the addition of ammonium hydrate, and to simul- 
taneously precipitate the manganese add a few drops of 
potassium permanganate, or, what is less preferable, a solu- 
tion of microcosmic salt (am. sod. phosphate). As the pre- 
cipitate of manganese and iron produced by ammonium 
hydrate retains zinc (dependent upon the quantity of iron), 
it should, after filtering and washing with hot water, be 
redissolved in hydrochloric acid, and the precipitation, as 
heretofore, repeated. 

The zinc is either directly determined by ammonium 
sulphide, or, what is better,* it is precipitated from an 
acetic acid solution by hydrogen sulphide, and determined 
as sulphide (p. 19). 

When it is desirable to determine the zinc, not as sul- 
phide, but as oxide, in which case the precipitation with 
sodium carbonate should only be performed in platinum 

* Sulphide of zinc precipitated from a hot acetic acid solu- 
tion is more readily filtered than that produced by ammonium 
sulphide. 
10 
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vessels, or very excellent porcelain dishes, the removal of 
the iron is accomplished by neutralizing the solution with 
sodium carbonate and boiling with sodium acetate (p. 73). 

Instead of determining the zinc gravi metrically, it is 
frequently estimated volumetrically,* which is to be par- 
ticularly recommended when several determinations are to 
be made at the same time. Of the methods proposed for 
this purpose, only the most practical, and those affording 
.the most accurate results, are described. 

The addition of a solution of sodium sulphide to an am- 
moniacal solution of zinc, causes, as is known, a white 
precipitate of zinc sulphide to be formed. The end-reac- 
tion is ascertained by means of lead paper. For this pur- 
pose take the best glazed paper, that generally used in 
the manufacture of visiting cards, and known in trade as 
polka-paper. For the production of the final reaction y a 
glass tube, rounded at both ends, of about 25 Cm. length 
and 7 Mm. diameter, may be taken. Stir the liquid well 
with this, and, by placing the finger upon the upper end, 
take out a portion of the solution. Place the tube upon a 
piece of lead paper, and allow the liquid to pass drop by 
drop from the tube into the glass. As soon as a slight 
excess of sodium sulphide is present, a brown ring upon 
the lead-paper is perceptible, which necessarily grows 
more intense in proportion to the excess of sodium sulphide 
present in the liquid. 

If the liquid to be titrated contains a large excess of 
ammonium hydrate, a replacement between the suspended 
zinc sulphide and the lead salt occurs, whereupon a black 
ring of lead sulphide is produced before the zinc is pre- 
cipitated. It is, therefore, enjoined, that the ammonium 
hydrate be almost entirely expelled by boiling before the 
titration takes place. 

* The ammoniaoal filtrate from the iron and manganese may 
be employed for this purpose. 
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Cobalt-paper may be substituted for lead-paper. It is 
obtained by saturating Swedish filter-paper with a solution 
of cobaltic chloride (0.35 grm. in 100 C. C). When an 
excess of sodium sulphide is present, there is produced, 
after the absorption of a drop of the liquid to be tested, a 
sharply defined dark coloration. 

That the results of this process may be accordant, it is 
necessary always to obtain an equally strong reaction, both 
in the standardization of the sodium sulphide solution and 
when using the latter. The degree of dilution of the solu- 
tion to be titrated comes here into consideration, and, 
therefore, care should be had that this be approximately 
the same both in the standardization of the solution and 
the actual titration. 

The crystallized sodium sulphide (Na,S+9H,0) serves 
for the experiment. Its aqueous solution is diluted with 
water until 1 C. C. of the same is equivalent to 0.005 grm. 
zinc. 

The strength of the solution is ascertained with chemi- 
cally pure zinc. Dissolve the zinc in nitric acid in an in* 
clined beaker glass, add ammonium hydrate, until the 
precipitate produced by the latter has been redissolved, 
and, after diluting with water, titrate with sodium sul- 
phide. 

As already indicated, exactly the same conditions must 
be observed in the standardization of the solution as in the 
actual analysis. For instance, if, in the solution of an ore, 
about 50 per cent, zinc has been found, there must have 
been in standardizing the sodium sulphide solution, sup- 
posing that 1 grm. zinc-blende was taken for the estima- 
tion, 0.49-0.50 grm. pure zinc dissolved, and the liquid 
mixed with ammonium hydrate diluted with the same 
quantity of water as in the titration of the sample of ore. 

Sulphur Determination, — Zinc-blende may be very 
readily oxidized by fuming nitric acid, if the precaution 



112 CALAMINE AND 8MITHS0N1TE. 

is only observed, to allow the acid to act at first for some 
time in the cold. The most practicable method of proce- 
dure is, after having moistened the ore with water, and 
placed in a well-covered porcelain dish, to add fuming 
nitric acid drop by drop, until, upon further addition, no 
action is any longer perceptible. After allowing the solu- 
tion to stand several hours, it should be gently warmed 
upon a sand- or water-bath. This should be continued as 
long as red vapors are formed. Add hydrochloric acid 
drop by drop, apply heat, and evaporate the solution to 
dryness. The residue is moistened with hydrochloric acid 
and dissolved in water. The sulphuric acid contained in 
the filtrate from the gangue is precipitated as barium sul- 
phate. 

Calamine and Smithsonite. 

Composition, — Zinc, cadmium, copper, lead, iron, man- 
ganese, calcium, magnesia, carbon dioxide, silicic acid, 
and water. 

The analysis may be executed precisely as that of zinc 
blende. To determine the silicic acid in the presence of 
sand and gangue, boil the insoluble residue with sodium 
carbonate (p. 84). 

In the filtrate from the manganese sulphide, determine 
the calcium oxide and magnesia (p. 74). 

When the calcium is present in a rather large quan- 
tity, it is rather better to precipitate it first as oxalate, 
and determine the manganese and magnesia in the filtrate 
(p. 74). 

When weighable quantities of antimony and arsenic 
are present in the calamine, the course of the analysis 
must be somewhat altered. The precipitate produced by 
hydrogen sulphide, containing beside the copper and cad- 
mium also the arsenic and antimony as sulphides, is 
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digested with sodium sulphide, whereupon the latter sul- 
phides are dissolved, and can be, after filtering, reprecipi- 
tated as sulphides by the addition of dilute hydrochloric 
or sulphuric acid to the filtrate. Treat the dried precipi- 
tate with carbon disulphide to remove the sulphur mixed 
with it, and, after drying, again oxidize the precipitate 
in a porcelain crucible with fuming nitric acid. 

Proceed with the residue as directed at page 65 (Alloy 
of Antimony and Tin), dissolving the sodium antimoniate 
in hydrochloric acid, and determining the antimony as 
sulphide. Precipitate the arsenic acid in the filtrate as 
magnesium-ammonium arseniate (p. 69). 

As smithsonite loses its carbon dioxide perfectly upon 
ignition, it is not necessary to pursue the method given 
upon page 33. The water and carbon dioxide may be 
determined simultaneously. Weigh off into a porcelain 
boat from 1 to 2 grms of the mineral, and introduce this 
into a tube of difficultly fusible glass, connecting it with a 
previously weighed calcium chloride tube, to which is also 
attached a U-shaped tube filled with soda-lime. After 
having strongly ignited the substance, reweigh the tubes, 
and from the increase in weight calculate the amount of 
water and carbon dioxide. 



Phosphorite. 

Composition. — Calcium phosphate, with calcium chlo- 
ride and fluoride; also small quantities of ferric oxide, 
alumina (magnesia), alkalies, and water. 

Estimation of the Oxides First Method: 1-1.5 grms. 

finely-powdered, air-dried phosphorite are placed in a 
porcelain dish, concentrated hydrochloric acid added, and 
the whole digested for an hour upon a water-bath. When 

10* 
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the solution is complete, evaporate the liquid to dryness 
upon the water-bath, moisten the residue with hydro- 
chloric acid, and, after warming, dilute with water. The 
silica remaining insoluble is filtered off, washed, ignited, 
and weighed. 

Determine the calcium by evaporating the filtrate from 
the silica, and adding sulphuric acid and alcohol (avoid 
an excess of the former). For calcium sulphate see 
p. 29. 

The filtrate contains, besides the oxides of aluminum and 
iron, all the phosphoric acid. The separation of the 
latter is readily facilitated by adding lead acetate to the 
alcoholic solution as long as a precipitate forms, filtering, 
and washing perfectly the mixture of lead phosphate, sul- 
phate, and chloride with alcohol ; after the expulsion of 
the alcohol precipitate the excess of lead in the filtrate 
with hydrogen sulphide. It is not well to undertake the 
estimation of the phosphoric acid in the precipitate caused 
by lead acetate, but it is necessary to determine it in a 
separate portion (see below). Boil the filtrate from the lead 
sulphide to expel the hydrogen sulphide, add ammonium 
chloride, and then nitric acid to cause oxidation, and pre- 
cipitate the iron and aluminum with ammonium (p. 37). 
These are separated as directed on page 90. 

The filtrate contains the magnesium and alkalies ; these 
are separated according to page 45. 

The preceding method is more particularly intended 
for the estimation of calcium in the presence of phosphoric 
acid than the separation of the latter from ferric oxide, 
alumina, etc., because, on the addition of an excess of 
sulphuric acid, a larger or smaller precipitate of lead sul- 
phate (lead phosphate and chloride) is produced, the fil- 
tering and washing of which require too much time. If 
the determination of the calcium is all that is desired, we 
can obtain very good results with the following method : 
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Mix the filtrate from the silicic acid with ammonium or 
sodium hydrate to alkaline reaction, and add a slight 
excess of acetic acid. When ferric oxide or alumina is 
present, the precipitate produced by ammonium or sodium 
hydrate does not fully disappear, and there remains un- 
dissolved iron or aluminum phosphate. 

After allowing the precipitate to stand twelve hours, 
filter, and in the filtrate determine the calcium as oxalate 
(p. 13). If a large excess of acetic acid was required to 
effect the solution of the ammonium-hydrate precipitate, 
it would be well before precipitating the calcium to 
almost neutralize (the liquid must react acid) the solution 
with ammonium hydrate, and then mix with it ammonium 
oxalate. 

Second Method, — The solution of the phosphorite, after 
filtering off the silicic acid and expelling the hydrochloric 
acid by evaporation, is mixed with an excess of metallic 
tin* and fuming nitric acid, and heat applied upon a water- 
bath until all the metal has been oxidized. Thus, the 
phosphoric acid will be converted into stannic phosphate, 
which is insoluble in nitric acid. Allow the precipitate 
of stannic phosphate and oxide to settle, filter the clear 
liquid, wash the precipitate perfectly by decantation with 
water containing nitric acid, and determine in the filtrate 
the oxides, as above directed. 

The precipitate of zinc phosphate and oxide may also 
be used for the estimation of the phosphoric acid. (See 
Analysis of Plant Ashes.) 

Fluorine Determination, — Its direct determination when 
existing together with phosphoric acid, in compounds in- 

* The tin should be 6-8 times the quantity of phosphoric 
acid present. 
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soluble in water, is accompanied with some difficulties, 
for which reason the calcium fluoride present is frequently 
calculated from the difference, as the phosphoric and hydro- 
chloric acids are united with the calcium, and the remain- 
der of the latter regarded as calcium fluoride. 

A direct method for the determination of the fluorine is 
the following : — 

The finely pulverized mineral is mixed with fine silica 
(use the silicic acid separated from silicates) and potassium 
carbonate, then fuse at a gentle red heat.* 

The aqueous extraction of the fused mass contains all 
the fluorine as potassium fluoride as well as potassium 
phosphate and silicate. 

The phosphoric acid in this solution is thrown down 
with silver nitrate. Filter the silver phosphate, washing 
it with the least possible quantity of water, and precipi- 
tating the excess of silver in the filtrate with sodium 
chloride. 

To separate the silicic acid contained in the filtrate from 
the fluorine, mix the solution with ammonium carbonate, 
digest for some time upon a water-bath, and evaporate 
the filtrate from the silicic acid to dryness. The hot 
aqueous solution of the residue contains not only potassium 
fluoride, but also always small quantities of silicic acid, 
which may be removed by adding to the solution sodium 
carbonate, and a solution of zinc oxide in ammonium hy- 
drate in slight excess, and then evaporating upon a water- 
bath until the liquid no longer imparts the odor of am- 
monia. Filter off the zinc silicate, wash it with water, 
and determine the fluorine in the filtrate as calcium fluoride. 
For this purpose pour the liquid into a platinum or porce- 
lain dish, bring it to ebullition, and after adding calcium 

* The application of a too intense heat should be avoided on 
account of the volatility of the fluorides. 
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chloride, continue boiling for some time. The solution 
should not be filtered until it appears perfectly clear. 
Wash the precipitate by decantation with hot water. Pour 
wat«r over the precipitate, bring it to boiling, filter off the 
clear solution, and repeat this operation until the precipi- 
tate is perfectly washed, then rinse it on to a filter. 

The precipitate formed by calcium chloride is a mixture 
of calcium fluoride and carbonate (produced by the action 
of the sodium carbonate upon the calcium chloride). To 
separate the latter from the calcium fluoride, ignite the 
dried precipitate in a platinum crucible, and treat it, after 
cooling, with acetic acid. When the calcium carbonate 
is fully dissolved, evaporate the solution for the expulsion 
of the acetic acid to dryness upon a water-bath, and re- 
move the calcium acetate by washing with water. The 
now remaining pure calcium fluoride is again ignited and 
weighed. 

Chlorine Determination. — Dissolve about five grms. 
phosphorite in nitric acid and determine the chlorine as 
silver chloride. It must be remembered that while warm- 
ing with nitric acid too strong an application of heat will 
cause the volatilization of hydrochloric acid. 

Phosphoric Acid Determination. — Take about 0.2-0.3 
grm. substance and dissolve by digesting with fuming 
hydrochloric acid.* 

* In estimating the phosphoric acid in phosphorites containing 
considerable quantities of iron or aluminum, it is recommended, 
where it is desired to determine the phosphoric acid volumetri- 
eally, to employ 5 per cent, sulphuric acid for the decomposition 
of the mineral. The residue, consisting of gypsum, silica, ferric 
oxide, etc., is washed with water, and the filtrate, after being 
made alkaline with ammonium or sodium hydrate, is mixed with 
acetic acid to acid reaction. 
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When the decomposition is complete, the solution is 
evapoi-ated upon the water-bath, moistened with nitric 
acid, again evaporated, and the residue, after the addition 
of nitric acid, warmed and dissolved in water. 

In this necessarily previously filtered liquid precipitate 
the phosphoric acid with ammonium molybdate and deter- 
mine as magnesium pyrophosphate as directed on page 25. 

Phosphoric acid may be volumetrically determined with 
very great accuracy. The following method is universally 
employed in practical work. It is based upon the precipita- 
tion of the phosphate in an acetic acid solution with acetate 
of uranium. The moment that all the phosphoric acid has 
become uranium phosphate, is indicated by the addition 
of potassium ferrocyanide. With the latter compound, 
uranium salts produce a reddish-brown precipitate of ura- 
nium ferrocyanide. The following solutions serve for the 
execution of this method : — 

1. An aqueous solution of uranium acetate — ^not nitrate. 
Dissolve about 38 grms. crystallized uranium acetate in 
water, adding about 5 C. C. concentrated acetic acid to 
this, and diluting the whole to about 1 litre. 

1 C. C. of this solution is approximately equivalent to 
0.005 grm. phosphoric acid. As basic salts separate out 
from the solution upon standing, it should be first filtered, 
after having stood some time, and the standardization 
then made. 

2. A solution of sodium acetate : obtained by dissolving 
100 grms. sodium acetate in 900 C. C. water, and adding 
100 C. C. acetic acid, of 1.04 sp. gr. 

3. A solution of neutral calcium phosphate (CajPjOg), 
serving for the standardization of the uranium solution. 
Formerly a solution of sodium phosphate* was used for 

* This solution contained 10.087 grms. crystallized sodium 
pliosphate to the litre. 
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this purpose.* More recent experiments have, however, 
proved that if the uranium solution be taken for the deter- 
mination of the phosphoric acid combined with calcium, a 4 
calcium salt must also be used in the standardizing of the 
solution, because the quantity of phosphoric acid in solu- 
tions of calcium phosphate was in all cases too low, where 
sodium phosphate had been employed as a basis in deter- 
mining the strength of the uranium solution. This occur- 
rence is readily explained by the fact that uranium phos- 
phate always precipitated with it small traces of calcium 
phosphate. 

To obtain a solution of calcium phosphate, dissolve 
about 5.5 grms. dried, neutral calcium phosphate in the 
smallest quantity of nitric acid possible (finally evaporating 
the excess), and dilute the liquid with water to 1 litre. 

The actual amount of phosphoric acid in this solution 
may be ascertained by the precipitation of 50 C. C. of the 
same with a molybdic solution, or more readily by evapo- 
rating an equal quantity in a platinum dish, with the ad- 
dition of some ammonium, igniting the residue, and weigh- 
ing. The phosphoric acid may be calculated from the 
CajP^Og thus obtained. 

In determining the strength of the uranium solution, 
mix 50 C. C. of the above calcium phosphate solution 
with 10 C. C. of sodium acetate, and allow the uranium 
solution to drop from a burette into the cold liquid, until 
almost all the phosphoric acid has been converted into 
uranium phosphate.f The solution is boiled, and a drop 
of the same placed on a porcelain plate, together with some 
finely pulverized potassium ferrocyanide (or a freshly 
prepared solution of this salt). The slightest excess of 

* Abesser, Marker and Jani On the Methods of Determining 
Phosphoric Acid. Zeitschrift fur Analytische Chemie, xii. 239. 

I The amount necessary for this is determined by a previ ous 
experiment. 
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the araniimi ^utioo will be indicated bT the reddisli- 
brown eoloRition of the powder, or the potasgiam ferroej- 
anide Mention. When the reaction is complete, read off 
the number of C. C. leed, and from this calculate the 
strength of the liquid. 

In using this method for the determination of phoe^ 
phoric acid in pho^hates, it is necessary that the test be 
executed under the same conditions (dilution of the phos- 
phoric acid solution, etc.) as in the standardisation €i the 
sc^ution. 

The phosphorite is either dissolved in fuming hjdro- 
chloric or 5 per cent. sal|«huric acid, and in case the 
former has been used, the excess <^ acid is removed hj 
evaporation, so that upon the subsequent addition of water . 
the liquid will not be rendered turbid. The hjdrDchloric 
acid that remains is neutralized with ammonium hvdrate 
(bj all means avoid an excess), and the precipitate pro- 
duced bj the latter dissolved in acetic acid. Finallv, add 
10 C. C. sodium acetate, and dilute the liquid with water 
to the same volume as in the standardizing of the soluti<Hi, 
proceeding then exactly as directed in that case. 



Boionairocalcsite. 

Composition Calcium, sodium, boracic acid, and 

water; frequently also potassium and sodium chlorides, and 
sodium sulphate. 

DeUrminaiioH of the Oxides ^First of all it is necessanr 

to volatilize the boracic acid. Pour hvdrofluoric acid over 
a weighed portion of the substance, and digest for some 
time upon a water-bath. Aiter the mass has cooled, con- 
centrated sulphuric acid is carefully added drop by drop, 
and heat gradually a[#plied until the excess of sulphuric 
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acid has been endrelj expelled. Bj this process we to!*- 
lilize aU the bonicic acid as boron flooride, whilst the 
bases are oonTerted into their corresponding sulphates. 

Anunoninm finoride maj be sobstituted for hTdrollaoric 
acid. The substance should be thorougfalj mixed with it^ 
and, afker the addition of concentrated sulphuric acid, 
heated graduallj. 

The sulphates are dissolred in hjdrochloric acid, and, 
after neutraltDng the solution with anunoniom hydrate, 
the calciunt is thrown down as oxalate (p. 13). 

The alkalies are estimated hj CTa^rating to drjmess 
the filteate from the calcium oxalate, and determining the 
residue — ccmsisting of sodium and potassium sulphates. 
In connection with this it is well to bear in mind, that 
upon final ignition the addition of ammonium carbonate 
is required to conTert anr hjdrosulphates into the coire- 
sponding neutral salts (p. 37). 

When potassium and sodium are present t^^ther, thejr 
are determined as given on page 46. 

The hydrochloric and sulphuric acids in the nitric acid 
solution are estimated as usual as silver chloride (p. 17) 
and barium sulphate (p. 15). 

Deierminatiom of tke Boracic Add as Potassium JBoro^ 
JUtoride, — Neutralize the hydrochloric acid solution of 
the mineral with ammonium hydrate, and to the warmed 
liquid add ammonium carbonate in some excess. After 
the cadcium carbonate has ftdly subsided, filter and wash 
the same with water. To the filtrate add potassium hy- 
drate (1^ part potassium hydrate for 1 part borate) and 
concentrate it by evaporation, mixing then with the solu- 
tion so much hydrofluoric acid that upon the application 
of heat vapors of the acid are expelled, finally evaporating 
to dryness in an air-bath. By extracting the residue with 
a sfdution of potassium acetate, which contains 20 per 
11 
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cent, of the latter, all the potassium horofluoride will re- 
main undissolved. This is then transferred to a weighed 
filter, dried at 100*^ C, washed first with a sodium acetate 
solution, until the addition of calcium chloride to the fil- 
trate produces no cloudiness ; then continue the washing, 
replacing, however, the potassium acetate with strong 
alcohol. 

The potassium horofluoride is dried at 100° C, until 
the weight becomes constant. 

2KBF1, : BjO, : : wt KBFl, : x. 

The water in boronatrocalcite is best determined by 
mixing a weighed portion of the substance with a weighed 
quantity of newly ignited lead oxide, and then heating. 



Boracite. 

Composition, — It contains magnesium borate together 
with magnesium chloride. 

The separation of the magnesium from the boracic 
acid is effected by fusing the mineral with four times its 
weight of potassium carbonate and treating the residue 
with water. 

The magnesia remaining undissolved can then be either 
weighed as such after washing with hot water, or, what is 
preferable, it may be converted into magnesium-ammonium 
phosphate (p. 16). 

The boracic acid is determined as before, and the chlo- 
rine precipitated from the nitric acid solution of a separate 
portion as silver chloride (p. 17). 

If the boracite (stassfurthite) contains water, determine 
this as directed in the analysis of boronatrocalcite. 
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Analysis of Silicates. 

The compouDds of silicic acid, bj their different deport- 
ment with acids, may be divided into two groups, and 
may be distinguished as silicates decomposed, and silicates 
not decomposed, bj acids. 

To the first group belong, for example, allophane, anal- 
cite, botrjolite, brewsterite, chabazite, cronstedite, datho- 
lite, dioptase, elaeolite, gadolinite, gehlinite, helvin, eulj- 
tite, lievrite, meerschaum, mellinite, mesotjpe, nepheline, 
okenite, orthite, pectolite, wemerite. 

To the class insoluble in acids belong — 

Albite, andalusite, augite, axinite, beryl, pumice-stone, 
chlorite, cyanite, diallage, dichroite, euclase, felspar, potas- 
sium and magnesium mica, garnet, carpholite, labradorite, 
rhod<Hiite, oligoclase, pitchstone, pearlstone, petalite, pinite, 
serpentine, sillimanite, steatite, talc, turmalin, vesuvianite. 

Determination of the Silicic Acid in Silicates Decom- 
posed hy Acids. — Ordinary hydrochloric acid is most com- 
monly employed to effect the decomposition — very rarely 
concentrated nitric acid (for example, in silicates contain- 
ing lead or silver oxides), or concentrated sulphuric acid 
(excellent for decomposing silicates containing aluminum). 

Before, however, advancing to the actual analysis, it is 
necessary that the silicate should be extremely finely pul- 
verized and then dried. The latter can generally be ac- 
complished by heating the substance designed for analysis 
in an air-bath at lOO*^ C. In case the silicate loses water 
of combination already at this temperature, the drying is 
performed at a lower degree, or over concentrated sulphuric 
acid. 

Bring now a weighed portion of the powder into a 
platinum or porcelain dish, moisten it throughout with 
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water, thus formiDg a pastj mass, then add hydrochloric 
acid, and applj heat npon a water-bath, constantly stirring 
the mass with a glass rod. The silicic acid idmost in- 
variably separates odt as a gelatinous mass, and aided by 
a glass rod one may readily ascertain if any hard mineral 
material is present or not. However, it is well to mention 
that if gangae (qnartz), or undecomposable silicates are 
mixed with the silicate, the gritty noise produced by rub- 
bing with a glass rod may be due to their presence. 

In decomposing the mineral with hydrochloric acid, the 
greater portion of the silicic acid will separate out (some 
silicates are perfectly soluble in dilute hydrochlmc acid), 
although a portion wiU probably remain in the hydrochlme 
acid solution. For the complete separation of the same, 
in all instances evaporate the mass to dryness upon a water- 
bath, and heat the residue until hydrochloric acid no 
longer escsupesj and a sandy, dry appearance is presented 
by it. When the silicate under examination contains 
neither ferric oxide nor alumina, the mass dried upon the 
water-bath can be advantageously heated for some time 
longer in an air-bath at 120^ C. 

In both cases the cooled mass is moistened equally with 
hydrochloric acid, and then heated for half an hour in a 
closed vessel, after which hot water is added with con- 
tinued stirring, and the silicic acid then filtered. As the 
pores of the filter are greatly obstructed by the acid, it is 
better to wash the latter by decantation with hot water, 
and finally rinse it on to a filter. 

The filtrate will always contain together with the oxides 
small quantities of silicic acid, even if the latter had been 
dried at 120^ C. In all accurate analyses, therefore, the 
filtrate must be again evaporated, and the residue treated 
as heretofore. 

After drying the precipitate ignite it and weigh. For 
this purpose inclose the precipitate in the filter, and ignite 
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tlie sauBe in a pladnom cmciUe, al first over an ordinaur 
biinier ant3 tlie paper has charred, then more stron^j 
over a Uast-lamp. When the contents of the cmciMe 
present a dark appearance — doe lo the nnbnmed carbon 
of the paper — continue the ignitimu with the cmciUe onij 
partiaflj covered, ova* an ordinaij lamp, until the mass 
appears peifectlr white. The ignition of the silicic acid 
over a Uast-iamp should onlj be executed in a weD-doaed 
CTuciUe^ othenv^e veir consideraMe quantities of it maj 
be verv eaalv carried awar bv the stron? current of air. 

In all caaes ascertain whether the alicic acid thus ob- 
tained is pure, «* if it still contains nndecompoeed mineraL 
This is most simf^ discovered bj heating a pcHrtion of 
the precifMtate with hTdrofluoric acid cr anun<Miium fluo- 
ride, when no readue should remain. 

Certain silicates contain titanic acid, which wiD sepa- 
rate out with the silicic acid, provided that the residue 
obtained in the fir^ evaporatiim has not been mixed with 
a large quantitT of hTdrochloric acid, in which instance 
most of the titanic acid will be disserved. Fw the estima- 
ticm of the titanic acid the residue, left after treating the 
slicic acid with hTdrofluoric acid or ammonium flumride, 
is fused with potassium hTdrosulphatc, the fused mass 
disec^ved in water, filtered if necessarv, and the titanic 
acid precipitated bv continued ebullition of the filtrate, 
through which a constant current of carbon dioxide is 
conducted and the evaporating water replaced. The 
titanic add is washed with water and ignited with the 
addition of some s<^d ammonium carbonate. If some of 
the titanic acid has entered into the hvdrochloric acid 
SK^uticm of the residue, it will be found with the aluminuni 
w iron pvecipitate produced bj ammonium hydrate. This 
jwecipitate is therefore fused with potassium h vdrosulphate, 
the fused mass dissolved in cold water and hvdrooen sol- 
phide conducted into the filtrate to reduce any ferric oxide 

11* 
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present to the ferrous state. After complete reduction 
the titanic acid in the liquid is precipitated as above 
directed. 

Should this be the case, treat the entire precipitate in 
a similar manner, heating the residue with sulphuric acid, 
and adding this solution to that dissolved in hydrochloric 
acid. 

The estimation of silicic acid in the presence of quartz 
has been abreadj described (p. 84). 



Course of Analysis for Silicates Decomposed 

BY Acids. 

Natrolite. 
Mesotype. 

Composition, — Silicic acid, aluminum, sodium, water, 
with sometimes small quantities of ferric and calcium 
oxides. 

The finely pulverized mineral, after being dried at 100^ 
C, is treated with hydrochloric acid, and the above direc- 
tions strictly followed. 

The filtrate from the silicic acid is brought to boiling, 
and ammonium hydrate, free from carbonic acid, then 
added, causing the precipitation of the ferric and aluminic 
oxides. The boiling of the liquid should be continued 
until the odor of ammonia is no longer perceptible ; the 
precipitate of the oxides is then immediately . filtered, 
washed with boiling water, dried and ignited. 

When ferric oxide is present, too intense ignition is to 
be avoided, because this will render the iron more insolu- 
ble and consequently more difficult to separate from the 
alumina. 



NATROLITE. 127 

When tbe quantity of calciam oxide is to any extent con- 
siderable, the precipitate of the aluminom is not perfectly 
pure. The liquid precipitated by the ammonium hydrate 
should then be acidified with acetic acid, neutralizing the 
excess of the latter, however, with ammonium. The 
solution should continue to give a slight alkaline reaction. 
Or, the supernatant liquid is poured from off tbe precipi- 
tate through a filter, the precipitate dissolved in hydro- 
chloric acid, the solution strongly diluted with water, and 
the precipitation repeated. 

The weighed aluminum oxide contains all the ferric 
oxide and generally also the small quantity of silicic acid 
that may have passed into solution. Digest the precipi- 
tate with fuming hydrochloric acid, removing the excess 
of acid by evaporation, and after filtering off the silicic 
acid, determine the iron volumetrically (according to pp. 
75 and 80) in the filtrate. 

The calcium oxide in the filtrate from the aluminum pre- 
cipitate is thrown down as calcium oxalate upon the addi- 
tion of ammonium oxalate, and by ignition converted into 
calcium oxide (p. 14). According to the quantity of 
calcium present there can very readily some alkali pass 
over into the precipitate. That the calcium oxalate may 
be entirely pure, it is necessary to re-dissolve the precipi- 
tate, after filtering, in hydrochloric acid and repeat the 
precipitation. 

The filtrate contains, besides the ammonia salts, also 
the sodium in form of chloride. Evaporate the same to 
dryness in a platinum or porcelain dish, expel the ammo- 
nia salts by gentle ignition, and estimate the sodium 
chloride, after transferring the residue to a platinum cru- 
cible and igniting gently, covering the crucible during the 
ignition with a lid (p. 26). 

The quantity of water in mesotype is obtained by ignit- 
ing the mineral, previously dried at 100° C, in a pla- 
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tinum crucible, until constant weight is obtained. It is 
always well to use coarse powder or small pieces of the 
mineral for this purpose, because the fine powder can be 
readily carried away by the air-current from the lamp. 



Prehnite. 

Composition Hydrous silicate of calcium and alumi- 
num oxides, generally combined with varying quantities 
of ferric and mauganous oxides and the alkalies. 

The analysis can be performed precisely as that of 
natrolite, only here a second precipitation of the aluminum 
and calcium oxides is absolutely required. 

As prehnite generally contains but mere traces of man- 
ganese (0.3 per cent.), this may be precipitated as sulphide 
by the addition of a few drops of ammonium sulphide to 
the filtrate from the calcium oxalate. 

The filtrate from the manganese sulphide is acidified 
with hydrochloric acid, heated until the liquid no longer 
yields the odor of hydrogen sulphide, and then filtered 
from any sulphur that may have separated. In the fil- 
trate the alkalies are determined in the usual manner. 

In estimating the water present it is well to observe 
that many varieties of prehnite contain organic substances, 
which of course blacken upon the application of heat, but 
gradually bum white. This being the case, the water 
should be determined directly by weighing (p. 36). 

If it is desired to directly determine the organic matter 
present, this may be done according to a method to be 
subsequently described, i. e., by heating a weighed portion 
of the mineral together with cupric oxide in a stream of 
oxygen gas, and weighing the carbon dioxide that is 
formed. 
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Datolite. 



Composition, — Hydrous silicate of calcium, with calcium 
borate ; sometimes aluminum and magnesium. 

The finely powdered and dried mineral is subjected to 
the same mode of treatment as given in the analysis of 
natrolite. In the filtrate from the silicic acid precipitate 
the aluminum with ammonium hydrate free from carbon 
dioxide. The precipitate of aluminum oxide always con- 
tains boracic acid, which may be removed by pouring 
hydrofluoric acid over the dried precipitate placed in a 
platinum crucible, or mixing it with ammonium fluoride, 
adding a few drops of concentrated sulphuric acid, and 
applying heat whereby the boracic acid will be completely 
volatilized as boron fluoride. The sulphuric acid may be 
expelled by continuing the heating for some time, adding 
ammonium carbonate now and then. 

In the filtrate from the aluminum oxide precipitate the 
calcium as oxalate, and in the filtrate from the latter throw 
down the magnesium as ammonium-magnesium phosphate 
(p. 16). 

The boracic acid is generally estimated by loss. To 
determine it directly, mix a weighed portion of the silicate 
with four times its quantity of potassium carbonate, fuse, 
and boil the fused mass with water, washing the filtered 
residue with the same, and precipitate the silicic acid, 
aluminum and calcium with ammonium carbonate, remov- 
ing, however, the final traces of silicic acid by ammonium- 
zinc oxide. (See p. 116.) 

The liquid thus finally obtained perfectly free from 
silicic acid, alumina, and calcium oxide, is supersaturated 
with hydrofluoric acid, and evaporated to dryness. By 
treating the residue with a 20 per cent, solution of potas- 
sium acetate, the boron will remain behind as potassium 
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borofluoride, which may be estimated as such. (See 
p. 121.) 

Determine the M^ater as directed in the analysis of Na- 
trolite. 

Olivine. 

Composition. — Silicate of ferric and magnesium oxides. 

Digest the dried mineral with hydrocliloric acid, and 
separate the silicic acid as heretofore. The residue should, 
however, only be heated upon the water-bath to dusty 
dryness, because if heated strongly some of the ferric oxide 
will remain undissolved upon subsequent treatment with 
hydrochloric acid. The filtrate is heated with nitric acid 
or pulverized potassium chlorate added to convert ferrous 
oxide into ferric oxide, and the latter then precipitated 
from a boiling solution by the addition of ammonium hy- 
drate (p. 24). 

The magnesium is precipitated in the filtrate from the 
ferric oxide by sodium -ammonium phosphate (p. 16). 
When the olivine contains aluminum, the weighed precipi- 
tate of ferric oxide represents the combined weight of it 
and aluminum ; therefore determine the iron volumetrically 
in a separate portion (p. lb or p. 80). 

Many olivines contain minute traces of copper, tin, 
manganese, and nickel. When this is the case, the first 
two metals may be removed by precipitating them with 
hydrogen sulphide in the filtrate from the silicic acid. 
When the quantity of the sulphides thus obtained is in 
any measure considerable, it would be advisable to digest 
them with a solution of sodium sulphide. The tin in the 
filtered liquid is then determined according to page 55, 
and the undissolved copper sulphide weighed as such. 

When manganese and nickel are present precipitate 
them in the filtrate from the ferric oxide by adding a few 
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drops of ammonium sulphide, and determine the magne- 
sium in the filtrate. 

Bj pouring a mixture of hydrochloric acid and hydro- 
gen sulphide (p. 104) over the precipitate upon the filter 
produced by ammonium sulphide, the manganese will 
enter into solution, and may be reprecipitated as such and 
determined. By igniting the residual nickel sulphide with 
air contact, the oxide is formed and as such weighed. 

Lievrite. 

Ilvaite. 

Compositioru — Silicate of ferrous and ferric oxides ; with 
generally small quantities of aluminum and manganous 
oxides. 

The decomposition of the mineral is effected by hydro- 
chloric acid, and the silicic acid separated by evaporating 
the liquid to dryness. (See Olivine, p. 130.) 

Boil the filtrate from the silicic acid with nitric acid or 
potassium chlorate to oxidize the ferrous oxide to the cor- 
responding higher compound, and precipitate the latter 
from its solution after the addition of sodium carbonate 
by the addition of sodium acetate (p. 73). 

The precipitate contains not only the ferric oxide, but 
all the aluminum, and usually small quantities of silicic acid, 
which may be extracted by digesting the precipitate, after 
gentle ignition and weighing, with fuming hydrochloric 
acid, the excess of which is evaporated and the silica fil- 
tered off after diluting the solution with water. The alu- 
minum is found by difference, if the found silicic acid and 
the iron calculated as ferric oxide are deducted from the 
original weight of the precipitate. 

When ferric oxide is rendered insoluble by ignition in 
hydrochloric acid, it may be brought into solution by fusion 
with potassium hydrosulphate. (See p. 82.) 
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The liquid from the ferric oxide is mixed with ammo- 
nium oxalate (p. 13) for the precipitation of the calcium 
and the manganese thrown down in the filtrate as sulphide 
(p. 21) after previous neutralization with ammonium. 

When determining the ferric in the presence of ferrous 
oxide proceed as heretofore directed (Magnetic Iron, p. 
86). Dissolve the mineral in hydrochloric acid, conduct- 
ing a stream of carbon dioxide into the solution during 
the operation, and bring the solution without filtering to a 
definite volume. Determine in the one-half the ferrous 
oxide with potassium bichromate (p. 79), and in the 
other the ferric oxide with stannous chloride (p. 80). 

When concentrated sulphuric acid (see Chromic Iron, 
p. 88) has been used instead of hydrochloric acid for 
the decomposition of the mineral after diluting with water, 
the ferrous oxide may be determined in the one-half by 
means of potassium permanganate (p. 75). 



Ultramarine. 

Composition, — Aluminum, sodium, silicic acid, and sul- 
phur, and generally slight traces of ferric oxide, calcium 
oxide, potassium, sulphuric acid and chlorine. 

The pulverized substance is first dried and then digested 
with hydrochloric acid, when hydrogen sulphide gas is 
disengaged, and silicic acid, together with sulphur, sepa- 
rates out. When the decomposition is complete, the 
silicic acid is separated as usual, and the precipitate, con- 
sisting of silicic acid and sulphur, is ignited, which will 
volatilize the latter. 

In the filtrate from the silicic acid the sulphuric acid is 
thrown down by the addition of barium chloride (p. 15), 
and any excess of the latter in the filtrate of the barium 
sulpliate removed with sulphuric acid. 



ULTRAMARINE. 133 

The aluminum in the filtrate from the barium sulphate 
is determined by double precipitation with ammonium 
hydrate, and the silicic acid that may be present in the 
filtrate is separated according to page 127. Since in the 
presence of sulphuric acid the latter invariably passes 
over into the aluminum precipitate, the latter should be 
strongly ignited (p. 37), which will render insoluble in 
hydrochloric acid any ferric oxide present ; therefore, in 
order to estimate the iron volumetrically, fuse the pre- 
cipitate with potassium hydrosulphate, and filter off the 
silicic acid after dissolving the fused mass in water, or 
determine the iron in a second portion of the substance. 

Mix the filtrate from the aluminum hydrate ivith am- 
monium oxalate, determining the calcium as oxalate, and 
converting the latter into carbonate or oxide (p. 14). 

The filtrate from the calcium precipitate is evaporated 
to dryness to determine the alkalies, and the itssidue 
ignited to expel ammoniacal salts. The sulphates thus 
obtained are then weighed (p. 37). 

When potassium and sodium are present, their weighed 
sulphates are previous to their separation converted into 
chlorides (p. 47). 

Sulphur Determination, — The conversion of the sul- 
phur into sulphuric acid may be accomplished by follow- 
ing the method given at page 111, or by adding potassium 
chlorate to the finely divided mineral and pouring over it 
nitric acid (about 50 C. C.) of specific gravity 1.36. The 
vessel, covered with a watch-glass or funnel, is warmed 
upon a water- or sand-bath, potassium chlorate being added 
from time to time. When the oxidation is complete, and 
the liquid has become cool, add to it hydrochloric acid 
and evaporate to -dryness, dissolving the residue in water 
and precipitating the sulphuric acid with barium chloride 
(p. 15) in the filtrate from the silicic acid. 
12 
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Should the liquid to be precipitated contain undecom- 
posed potassium chlorate or nitrate, the obtained barium 
sulphate will be rendered impure by barium chlorate or 
nitrate. The former of these impurities may be easily 
removed by digesting the ignited barium sulphate with 
dilute hydrochloric acid. The barium nitrate, however, 
is only imperfectly removed by it. 

When employing this method, care should be exercised 
that the nitrates be completely decomposed previous to 
the precipitation with barium chloride. This may very 
readily be obtained by repeatedly evaporating the nitrate 
solution to dryness upon a water-bath, with frequent addi- 
tion of strong hydrochloric acid. 

It is, of course, understood that, in the calculation of 
the analysis, the amount of sulphuric acid existing as such 
must be deducted from that ibimed by the oxidation of 
the sulphur compound. 

To estimate the amount of sulphur escaping as hydrogen 
sulphide, when ultramarine is treated with an acid, the 
evolved gas is converted into sulphuric acid. 

For the execution of this operation, the following appa- 
ratus* is employed. (See Fig. 12.) 

The flask K^ of about 500 C. C. capacity, is connected 
on the one side with a carbon dioxide generator, upon the 
other with the absorption tube a, filled with pieces of 
glass. The latter, which may be replaced by a burette, 
provided with a side supply-tube, is about 60 Cm. long 
and 2 Cm. wide. The separatory funnel h is filled with a 
solution of bromine in hydrochloric acid, and d with hy- 
drochloric acid. The bromine vapors that are evolved in 
the decomposition are absorbed by hydrochloric acid 
placed in an adjoining jar, into which the glass tube in a, 
bent at right angles (only indicated), dips. 



* Also been used in determining the sulphur in illuminating 
gas, cast iron, etc. 
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Wlien the apparatus has been arranged, the weighed 
amount of ultramarine is brought into K, and tli<!n enough 
water added to ju8t cover the end oF the tube conducting 
in the carbon dioxide. Allow tite bromine eolution to 
pass from b into a, drop by drop, until the lower con- 
tracted part of the tube is fiUed, then gradually open the 
cork of the funnel d. 



When the liberation of gaa is no longer perceptible, on 
the addition of hydrochloric acid, the contents of the flask 
are heated slowly to boiling, while, at the same moment, 
the glass pinch-cock e '\a opened, and a continuous stream 
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of carbon dioxide allowed to pass through the apparatus, 
until all the hydrogen sulphide has been expelled. The 
bromine oxidizes the latter perfectly to sulphuric acid. 
As this occurs, the bromine solution in the absorption 
tube a will be decolorized, and allowed to pass into a 
beaker placed beneath, and at the same time immediately 
replaced by opening the glass stopcock of the funnel h. 
In order that all the hydrogen sulphide may be oxidized 
to sulphuric acid, care must be taken that the upper 
half of the glass pieces in a is kept moistened with 
undecomposed bromine during the entire process. This 
we can readily accomplish, by permitting the bromine 
solution to drop in continually, while, at the same time, 
the liquid collected in the lower portion of the tube is 
allowed to flow out. 

In no instance should so much liquid be allowed to col- 
lect in a, that by accidental sucking back it could reach 
K. It is also to be avoided, because otherwise the carbon 
dioxide would not be in condition to overcome the pressure 
of the liquid contained in a. 

After the completion of the decomposition, rinse out 
the tube with water, removing the bromine and hydro- 
chloric acid by evaporation, and determine the sulphuric 
acid, as usual, with barium chloride. 

The chlorine in ultramarine is determined with silver 
nitrate in another portion of the substance. 



Puddle Slag. 

Composition, — Ferrous and ferric oxides, metallic iron 
manganous oxide, cupric oxide, alumina, calcium oxide, 
magnesia, silicic acid, sulphuric, phosphoric, and titanic 
acids. 
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Decompose the slag, finely powdered and dried at 100° 
C, with hydrochloric acid, separating the silicic acid as 
directed in the Natrolite analysis (p. 126). Titanic acid 
when present will be discovered with the silicic acid. 
(See p. 125.) 

The method of analysis follows from the observations 
made in the analyses of iron ores; therefore, I refer to 
these. 

When sodium acetate is used in the separation of iron 
from manganese, the latter, instead of being precipitated 
by ammonium sulphide, may be thrown down as the hy- 
drate of the superoxide, by the addition of strong chlorine 
water to the filtrate, and this when ignited with access of 
air passes into the protosesquioxide, which is weighed as 
such* (p. 21). 

To this end concentrate the filtrate from the iron pre- 
cipitate, and add chlorine water to the boiling liquid until 
it smells decidedly of the reagent added. The oxidation 
may be considered complete when the liquid above the 
separated brown-black manganese appears red, owing to 
the production of permanganic acid. A few drops of alco- 
hol may now be added, and the boiling renewed and con- 
tinued until the liquid becomes colorless. 

Bromine may replace chlorine water. Add a few drops 
of it to the solution -heated to about 50° C. Heat should 
be applied until the excess of bromine has been expelled, 
u e., until the liquid becomes colorless, when the man- 
ganese binoxide is filtered, washed with water containing 
hydrochloric acid (1 vol. hydrochloric acid and 99 vols, 
water), then with perfectly pure water. 

* The oxidation of the manganese by bromine or chlorine 
will not be perfect in the presence of ammoniaeal salts, and for 
this reason the iron is not separated according to the method 
described on page 72. 

12* 
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In the filtrate from the mangaDese determine the cal- 
cium oxide and magnesia as ordinarily done. 

A separate portion of the substance is taken for the 
estimation of the ferrous when ferric oxide is present. 
The decomposition is best effected by heating with sul- 
phuric acid in a sealed tube (p. 91). In using hydro- 
chloric acid to dissolve the slag, if the ferrous oxide is to 
be determined with a permanganate solution, regard 
should be had to what was said on page 78. In this case 
it is decidedly more practical to determine the ferrous 
oxide with potassium chromate (p. 79). 

In determining the metallic iron about 5 grms. of the 
slag are placed in a platinum dish, and to this is added a 
solution of copper sulphate, which causes a quantity of 
metallic copper (CuS0^-)-Fe=FeS04-)-Cu) corresponding 
to the iron to be precipitated. 

After protracted standing and frequent agitation, the 
copper, together with undecomposed slag, is filtered off, 
washed perfectly with water, and the residue digested 
with nitric acid, which dissolves the copper. The acid is 
evaporated, and the copper precipitated from the aqueous 
solution, acidified with hydrochloric acid, as copper sul- 
phide. 

When the slag contains copper per se, the correspond- 
ing amount ot copper sulphide is to be deducted. 

It is of course understood that in the presence of metal- 
lic iron, which, upon treatment with hydrochloric acid, 
passes into solution as ferrous chloride, the amount of the 
latter will be considered when calculating the directly 
determined ferrous oxide. 

The estimation of the phosphoric and sulphuric acids 
results most favorably when separate portions of the slag 
are fused with sodium carbonate, or sodium carbonate and 
silica. (See p. 83.) 
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Slags from the Smelting of Copper and Lead 

Ores. 

Composition. — YeTTOus oxide, alumina, manganous 
oxide, cupric oxide, lead, barium, calcium and magnesium 
oxides, alkalies, silicic acid, sulphuric acid and sulphur.* 

Pulverize and dry the slag at 100° C, decomposing it 
with nitric acid, and separating the silicic acid as directed 
on page 123. When barium oxide is present barium sulphate 
will be mixed with it. To ascertain the amount of the 
latter, heat the weighed precipitate with hydrofluoric acid, 
or mix it with ammonium fluoride (p. 125), and determine 
the residual weigh t.t The silicic acid is represented by 
the difference. 

When a considerable quantity of lead is present a por- 
tion of this may separate out with the silicic acid as crys- 
talline lead chloride. This is very slowly dissolved when 
washed with water. This being the case, the residual 
silicic acid is washed with boiling water, and then trans- 
ferred to the filter. 

To determine the lead the filtrate is evaporated with 
sulphuric acid to expel the hydrochloric acid, and the lead 
weighed as sulphate (p. 49). When a considerable quan- 
tity of iron is present, some of the ferric oxide may very 
readily be involved with the lead precipitate, and it is 
therefore advantageous to continue the evaporation only 
until the greater portion of the hydrochloric acid has been 
driven away, then mix the liquid with ammonium hydrate 

* Besides these constituents these slags may contain arsenic, 
antimony, bismuth, zinc, cobalt, nickel, etc. ' For the deter- 
mination of these substances refer to the analyses of Refined 
Lead and Raw Copper. 

f Examine the residue qualitatively. 
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until the precipitate produced remains, then redissolve in 
sulphuric acid. To the liquid add one-third volume alco- 
hol for the complete separation of the lead sulphate. 

Expel the alcohol from the lead filtrate and precipitate 
and weigh the copper as sulphide (p. 48). When, how- 
ever, arsenic and antimony are present, the precipitated 
sulphides should be digested with sodium sulphide, which 
will dissolve the arsenic and antimony sulphides (p. 87). 

After separating the copper, expelling the hydrogen 
sulphide from the filtrate, and oxidizing the iron by the 
addition of nitric acid or potassium chlorate, the further 
analysis is executed according to the methods described 
on page 71, with the only difference that here the small 
quantity of manganese is best precipitated by chlorine. 
(See p. 137.) 

The alkalies in the slag are determined in a separate 
portion. The filtrate from the silicic acid is treated first 
with hydrogen sulphide, then with ammonium sulphide 
and ammonium oxalate, and the filtrate heated with hydro- 
chloric acid to destroy the ammonium sulphide, and after 
the expulsion of the hydrogen sulphide the liquid is 
evaporated to dryness with addition of oxalic acid or am- 
monium oxalate. The residue is gently ignited and ex- 
tracted with water (p. 45). In the filtrate from the 
magnesia the alkalies are determined as sulphates. For 
the separation of potassium sulphate from sodium sulphate, 
see page 47. 

If hydrogen sulphide is liberated when the slag is 
treated with a dilute acid, the sulphur is determined ac- 
cording to the method given on page 134. 

The sulphuric acid is determined in a separate portion. 
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Clay. 



As regards the mechanical analysis of clay, see Frese- 
nius's article, *' Investigation of the most important Nas- 
sau Clays," Joum, f, prakt, Chemtej Ivii. 65. The 
elutriation apparatus of Fr. Scliulze is also described in 
the Joum.f, prakt, Chemte, xlvii. 241. 

Composition, — Hydrous silicate of aluminum, with vari- 
able amounts of ferric oxide (also ferrous oxide), calcium 
oxide; magnesia (often present as carbonate), alkalies, 
organic matter, and arenaceous quartz. 

Clays are not perfectly decomposed by hydrochloric acid, 
but are in the rule when heated with sulphuric acid.* For 
this purpose the pulverized specimen dried at 100° C. is 
placed in a platinum dish, with an excess of sulphuric acid 
hydrate (equal volumes concentrated sulphuric acid and 
water), the whole heated to boiling, and the ebullition 
continued until all the sulphuric acid has been expelled. 
After cooling, this operation is repeated, and the residue, 
with addition of hydrochloric acid and the application of 
heat, finally dissolved in water. 

The decomposition of clays with sulphuric acid suc- 
ceeds very well when they, finely divided, are stirred up with 
sufficient concentrated sulphuric acid to form a paste, and 
then heated in a porcelain air-bath to 300° C. (Fig. 13.) 

* If the heating with sulphuric acid is prosecuted in sealed 
glass tubes (see p. 91), the aluminum silicates are fully decom- 
posed. If this process is not desirable, and if the clay is not 
perfectly decomposed by boiling with sulphuric acid hydrate, 
this may be effected by fusion with sodium carbonate. (See 
page 143.) The alkalies may be determined in a second por- 
tion by decomposing with hydrofiuoric acid or ammonium fluo- 
ride (p. 144). 
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The decomposition is generally complete at the expira- 
tion of three or four hours. The residue should not yield 
a gritty sound when rubbed with a glass rod; this will, 
however, always occur to some extent when sand is pre- 
sent. When it is very gritty the residue is moistened 
again with sulphuric acid, and digested until it is fully 
expelled. 



Fig. 13. 




The silicic acid, insoluble in hydrochloric acid, after 
washing with water, is ignited and weighed. By subse- 
quent boiling with a solution of sodium carbonate the 
quantity of arenaceous sand mixed with the silicic acid is 
obtained. The residual quartz should be examined for 
undecom posed silicates, viz., feldspar, etc. 

The aluminum and calcium oxides are separated from 
each other as given in the analysis of Natrolite on page 126, 
and the magnesia and alkalies as directed on page 45. 

When a ferruginous clay is being examined, the ferrous 
or ferric oxide had better be determined volumetrically 
in a second portion of the substance (p. 91), and the 
corresponding amount of ferric oxide subtracted from the 
weight of the alumina. 

The carbon dioxide from the carbonates that may be 
present is estimated according to page 33. 
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Provided that the clay contains neither organic mate- 
rial nor ferrous oxide, the water may be determined by 
igniting a weighed portion of substance in a platinum 
crucible, or it may be directly estimated (p. 36) when 
the loss by ignition will approximately represent the 
quantity of water and organic substance. 

The presence of carbonates renders this mode of estima- 
tion valueless, because of the simultaneous liberation of 
carbon dioxide. 

Determination of the Silicic Acid in Silicates not de- 
co7npo8ed hy Acids, — When a silicate is mixed either 
with sodium or potassium carbonate and fused, there is 
produced, by the addition of an alkali, a silicate decom- 
posable with acids. The object of the fusion of the sili- 
cate with an alkaline carbonate is, therefore, merely to 
withdraw from the former a portion of its silicic acid, 
converting it then into an analogous compound which 
acids will decompose. 

In prosecuting the decomposition of a silicate in this 
manner, the substance, finely powdered and dried at 100° 
C, is thoroughly mixed, in a platinum crucible, with four 
to ^\Q times its weight of a mixture of sodium or potas- 
sium carbonate (5 : 7), then brought to fusion, until 
carbon dioxide no longer escapes, and the mass is per- 
fectly liquefied. When a Bunsen burner has been em- 
ployed in the fusion, the decomposition will require at least 
half an hour for its completion, whereas a blast-lamp will 
produce the same result in a much shorter (about ten 
minutes) period. If a platinum dish is at your imme- 
diate disposal, pour the liquid contents of the crucible into 
it, or place it upon a cold iron plate, when, after cooling, 
the contents may be easily loosened by pressing together 
the sides of the crucible. The fused .mass and crucible 
are transferred to a beaker glass, and 20-30 times its 
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quantity of water poured upon it, and heat applied. 
After disintegrating the mass thoroughly, add dilute 
hydrochloric acid, and assure yourself that complete solu- 
tion is effected before evaporating the hydrochloric acid 
solution to dryness. The silicic acid is rendered insoluble* 
by evaporating the solution either in a porcelain or pla- 
tinum dish, and heating the residue in an air- or water- 
bath to 120° C, until it becomes dusty-dry in its appear- 
ance. As regards the rest, proceed as directed on page 
124. To assure yourself that all the oxides present have 
passed into solution, it is advisable to extract the residual 
silicic acid several times with warm hydrochloric acid 
before bringing it upon the filter. 

The silicic acid, perfectly purified by washing with hot 
water, is dried, ignited, and weighed (p. 124). 

Determination of the Alkalies in Silicates not decom- 
posed by Hydrochloric Acid, — In the fusion of a silicate 
with an alkaline carbonate, the determination of the alka- 
lies present in it is of course impossible, and some other 
means of decomposition must be used. A mixture of 
hydrofluoric acid and sulphuric acid, or pure hydrofluoric 
acid, or even ammonium fluoride, is resorted to in this 

case.f 

When a silicate is heated with hydrofluoric acid or 
ammonium fluoride, a volatile fluoride of silicium is disen- 
gaged, while the fluorides of the oxides present compose 
the residue, and are dissolved as chlorides when heated 

* Under certain circumstances the silicic acid can remain 
entirely dissolved in the employed acid, particularly where too 
great an excess of alkaline carbonate has been used, or when a 
minute quantity of silicic acid is present. 

f By previous ignition of the silicate, its subsequent decom- 
position by hydrofluoric acid or ammonium fluoride is rendered 
much easier. 
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with hydrochloric acid, with volatilization of the hydro- 
fluoric acid. 

Decomposition hy means of Hydrofluoric Acid. — Bring 
the finely pulverized and dried silicate into a platinum 
dish, pouring over it concentrated hydrofluoric acid, or 
better, a mixture of sulphuric acid (equal parts of con- 
centrated sulphuric acid and water), and concentrated 
hydrofluoric acid (1 part of sulphuric acid with two to 
three parts of hydrofluoric) and then apply heat to incipi- 
ent ebullition. When the decomposition is complete,* 
evaporate the solution to dryness, expelling the sulphuric 
acid finally by heat ; the latter, however, should not be 
too intense, because certain of the oxides (AlgOj and 
FcjO,) would otherwise be rendered very diflicultly solu- 
ble. After cooling, heat the residue with concentrated 
hydrochloric acid, continuing the operation some time, 
with the frequent addition of water ; and, should 'there 
still be some undissolved material, it may result from 
undecomposed substance ; and when barium is present, it 
may be due to the barium sulphate. The residue should 
be examined qualitatively, and the above treatment finally 
repeated. 

Decomposition hy means of Ammonium Fluoride, — 
The employment of ammonium fluoride in the decompo- 
sition of silicates has some preference to hydrofluoric acid, 
because it is much more easily obtained ; and certain sili- 
cates, also, that are only very slowly attacked by hydro- 
fluoric acid, are very easily decomposed by ignition with 
ammonium fluoride. 

* Most silicates are very rapidly decomposed by this means, 
the decomposition being complete in about 5 to 10 minutes. 
13 
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In analysis, the pulverized and dried silicate is mixed 
in a platinum crucible, with seven to eight times its quan- 
tity of ammonium fluoride, water added, and heat applied 
upon a water-bath until the mass becomes completely dry, 
when the ignition is continued over an ordinary Bunsen 
burner, until vapors no longer escape. The fluorides of 
the metals are decomposed by the addition of concentrated 
sulphuric acid, the excess of acid being evaporated, and 
the solution of the residue eJQTected by means of hydro- 
chloric acid. 

All the oxides, which may be present, are in the hydro- 
chloric acid solution. The manner of separating the alka- 
lies is given elsewhere. 

\^D€composttton by means of Calcium Carbonate and 
Ammonium Chloride, — Mix 1 part of the pulverized sub- 
stance with 8 parts of precipitated calcium carbonat-e and 
1 part of pulverized ammonium chloride, place in a pla- 
tinum crucible, and heat to full redness, but not too in- 
tensely, for 30 to 40 minutes. The crucible, with its 
contents (which should be in a coherent, sintered but not 
thoroughly fused condition), is placed in a beaker, covered 
with water, and heated to near the boihng point for half 
an hour. The whole is then brought upon a filter. The 
filtrate, containing the alkalies, calcium chloride and caustic 
lime, is treated with a little ammonium and with ammonium 
carbonate, in slight excess, and heated to boiling, filtered 
and the filtrate evaporated to dryness and gently ignited, 
to expel the ammoniacal salts. The residue is dissolved 
in a little water, and a drop of ammonium oxalate added, 
the mixture is heated, filtered, the filtrate evaporated to 
dryness, ignited, and the residual alkaline chlorides sepa- 
rated according to previous directions. — Dr. J. L, Smith J\ 
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Felspar. 



Composition, — Potassium-sodium-aluminum silicate, 
with ferric oxide, calcium oxide and magnesia. 

For the determination of the silicic acid, alumina, ferric 
oxide, calcium oxide, and magnesia, fuse the pulverized 
mineral, dried at 100° C, with four to five times its weight 
of potassium-sodium carbonate, following the instructions 
given on page 143 for the separation of the silicic acid. 

The aluminum oxide in the filtrate from the above is 
separated from the calcium oxide and magnesia by double 
precipitation with ammonium hydrate, free from carbon 
dioxide. (See Natrolite, p. 126.) When iron is present, 
this can be estimated volumetrically after the ignited pre- 
cipitate has been dissolved in hydrochloric acid, or after 
the fusion with potassium hydrosulphate. When the iron 
is present in tolerably large quantity, it is best determined 
in a separate portion of the substance. The silicic acid 
that remains after dissolving the ignited alumina precipi- 
tate in hydrochloric acid must be deducted from the same 
and added to the already known amount of that acid. 

In the filtrate from the aluminum the calcium oxide 
and magnesia are thrown down by ammonium oxalate 
and phosphorus salt (p. 32). 

AUccdi Determination. — In the decomposition of the 
mineral with hydrofluoric acid or ammonium fluoride, pro- 
ceed as previously directed. After having obtained the 
hydrochloric acid solution, precipitate the aluminum with 
ammonium hydrate, and in the filtrate throw down the 
calcium with ammonium oxalate, removing the sulphuric 
acid with barium chloride, and separate the magnesia ac- 
cording to the method described on page 45. 
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The estimation of potassium in presence of sodium is 
accomplished with platinic chloride (p. 49). 

[The method of Dr. J. Lawrence Smith is best adapted 
for the decomposition of the Felspar where the alkalies 
are to be estimated.] 

Glass. 

The analysis of porcelain or kaolin can be executed in 
a similar manner. (See also the analysis of Clay, p. 141.) 

Composition, — Potassium, sodium, aluminum, calcium, 
magnesium, silicic acid, sulphuric acid, phosphoric acid. 

In colored glasses regard must be had to the coloring 
metallic oxides that are present. If the glass contains 
merely potassium, sodium, aluminum, ferric oxide, cal- 
cium, magnesium, and silicic acid, the analysis is exactly 
analogous to that of Felspar. 

When reducible oxides are present, viz., lead and tin 
oxides, sodium nitrate should be added to the mixture of 
Carbonates used to effect the decomposition. 

Should the glass under examination contain lead sili- 
cate, the silicic acid must be repeatedly boiled with water 
to dissolve the chloride of this metal, which may after- 
wards be precipitated as sulphide and determined (p. 
29). 

The filtrate from the lead sulphide, after the expulsion 
of the hydrogen sulphide and oxidation with nitric acid, 
is employed in the determination of the remaining oxides. 

It is necessary when tin is present to digest the weighed 
silicic acid with ammonium sulphide and separate and de- 
termine the tin sulphide in the filtrate as directed on page 
55. The filtrate from the silicic acid should also be ex- 
amined for tin by precipitating it with hydrogen sulphide, 
and when lead is present the precipitate produced by hy- 
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drogen sulphide is digested with ammonium sulphide — 
determining the insoluble lead sulphide as such and su- 
persaturating the filtrate with dilute sulphuric or hydro- 
chloric acid (p. 55). 

Instead of precipitating the aluminum with ammonium 
hydrate when manganese is present, neutralize the solu- 
tion with sodium carbonate and precipitate it with sodium 
acetate, preparing thus for the subsequent precipitation of 
the manganese by bromine or chlorine (p. 137). 

When cobalt is present with manganese, it will also be 
precipitated as sesquioxide by chlorine or bromine. 

This being the condition of affairs, it would be better 
to throw down both metals, in the filtrate from the alumi- 
num, as sulphides by means of ammonium sulphide, dis- 
solving them in hydrochloric acid, with the addition of 
nitric acid, and precipitate the cobalt as nitrite of sesqui- 
oxide of cobalt and potassium (p. 22). Throw down the 
manganese in the filtrate as carbonate (p. 21). 

The aluminum is also thrown down by sodium acetate 
when zinc oxide is present, and the latter removed from 
the filtrate by the addition of hydrogen sulphide (p. 109). 

The sulphuric acid may be precipitated in the filtrate 
from the silicic acid by adding barium chloride, and the 
excess of the latter removed with sulphuric acid. 

In the analysis of glass containing phosphoric acid, 
after the separation of the silicic acid the former acid is 
precipitated with metallic tin, and the oxides determined 
as heretofore in the filtrate. 



Pistacite. 

Composition Silicate of alumnia, ferric oxide and cal- 
cium oxide, together with ferrous oxide (manganous ox- 
ide), magnesia, potassium, sodium and water. 

13* 
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In determining the silicic acid and oxides, the alkalies 
excepted, the finely pulverized and dried mineral is fused 
yiviih potassium and sodium carbonates, and the silicic acid 
determined as directed on page 143. 

The filtrate from the silicic acid is heated with nitric 
acid and potassium chlorate to oxidize the ferrous oxide 
to the corresponding higher oxide, and this and the alu- 
minum then separated from the manganese and alkaline 
earths, after neutralization with sodium carbonate, by 
boiling with sodium acetate (p. 73). 

The manganese is then thrown down in the filtrate 
with bromine or chlorine (p. 137). The calcium oxide 
and magnesia are determined in the filtrate in the usual 
manner. 

Ferric and ferrous oxides may be estimated very well 
volumetrically (p. 75 and p. 80) in the solution of a sepa- 
rate portion of the substance, decomposed by heating it 
with sulphuric acid in a sealed tube (p. 91). 

The entire quantity of iron, calculated as ferric oxide, 
is deducted from the weighed alumina-iron precipitate. 

Cook, to prevent the oxidation of the ferrous oxide, 
conducts the decomposition of the mineral in an atmosphere 
of carbon dioxide and steam. For this is used a water- 
bath with a constant niveau (Fig. 14 and 15), at the upper 
end of which is attached the tube «, which is connected 
with a Kipp carbon dioxide generator. 

That the glass funnel d may be supported, the edge of 
the cover of the water-bath is provided with a deep chan- 
nel. The cover ring bearing the platinum crucible con- 
tains a number of small perforations, through which, upon 
boiling, the water almost filling the water-bath rushes, 
causing the channel to be constantly filled w^ith water, 
thus obstructing the entrance of air between the channel 
and the funnel edge. 
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First, ascertain by preliminary examination the least 
quantity of hydrofluoric acid, U> which muat be added 
sulphuric acid of 1.5 sp. gr., in order that the mineral 
may be decomposed; then place the pnlverized substance 
(about 0,5 grm.) in a platinum crucible, pouring the mix- 
ture of sulphuric and hydrofluoric acid upon it, and stirring 

Fig. 14, Fig. 15. 




during the operation with a platinum spatula. Place the 
platinum vessel upon the perforated ring of the water-bath, 
put the funnel into position and fiU the channel with water, 
at the same time dislodging the air in the funnel with a 
stream of carbon dioxide. When the decomposition is 
finished, the beating upon the water bath is interrupted, 
carbon dioxide conducted again inlA the funnel, anil at 
the same time a continuous stream of cold water allowed 
to flow through the water-bath, winch will hasten the 
cooling of the platinum crucible. 

It may happen at times that the contents of the crucible 
will sinter tightly together, thus obstructing the i'urther 
action of the acid. When this occurs, remove the lamp 
under the water-bath, iill the funnel with carbon dioxide, 
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and stir the crucible contents with a strong platinum wire 
passed through the funnel tube. After washing the par- 
ticles that may have adhered to the wire back into the 
crucible, discontinue the carbon dioxide stream, and renew 
the application of heat from the water-bath. 

Before determining the ferrous oxide with permanga- 
nate solution, be certain the hydrofluoric acid used does not 
contain any substances which have a decomposing effect 
upon the permanganate. The acid should have previously 
been purified. 

The alkalies in pistacite are determined as in Felspar 
(p. 147). 

The water is determined directly most accurately (p. 
36). 

Blast-furnace Slag, Cupola-furnace Slags, etc. 

Composition Ferrous and ferric oxides (sometimes 

metallic iron), manganous oxide, alumina, copper, lead, 
zinc, calcium oxide, magnesia (alkalies), silicic acid, 
titanic acid, sulphuric acid, phosphoric acid and sulphur 
(as calcium sulphide). 

The slag finely divided and dried, when not soluble in 
hydrochloric acid, is decomposed by fusion with the car- 
bonates of potassium and sodium, the silicic acid being 
removed as in Natrolite. When titanic acid is present an 
excess of hydrochloric acid is taken to dissolve the resi- 
due, and the silica is examined according to page 125. 

In the filtrate from the silica, after the previous reduc- 
tion of the ferric oxide by means of sulphurous acid (p. 
87), precipitate the lead and copper as sulphides, if pre- 
sent, and dissolve the latter in nitric acid, and effect the 
separation of the metals by the addition of sulphuric acid. 
(See Brass, p. 49.) If, however, but one of these two 
metals exists in the solution, the precipitate produced by 
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hydrogen sulphide may be determined by ignition in a 
stream of hydrogen. 

The filtrate, free from hydrogen sulphide, is warmed 
with nitric acid or potassium chlorate to change the fer- 
rous to ferric oxide, and the latter precipitated, together 
with the aluminum, by means of sodium acetate (p. 73). 
The precipitate should be examined for silicic as well as 
titanic acid (p. 82 and p. 125). 

After adding acetic acid to the filtrate, precipitate the 
zinc with hydrogen sulphide. After the expulsion of the 
latter, the manganese may be separated with chlorine or 
bromine (p. 137). 

The calcium oxide and magnesia are determined in the 
filtrate in the usual manner. 

Ferrous oxide in presence of ferric is estimated accord- 
ing to one of the methods described in the analysis of 
Pistacite (p. 149), or Magnetic Iron (p. 86). 

The metallic iron found in the slag is determined ac- 
cording to page 138. 

When the alkalies are determined, take a second por- 
tion of the slag and decompose it with ammonium fluoride, 
precipitating the hydrochloric acid solution with hydrogen 
sulphide, and proceed in general as directed when analyz- 
ing Copper and Lead Slags (p. 139). 

When calcium sulphide occurs in the slag, the sulphur 
is estimated by the oxidation of the hydrogen sulphide 
with a hydrochloric acid solution of bromine (p. 134). 

The sulphuric and phosphoric acids are estimated as in 
Hematite (p. 79). 

Turmalin. 

Composition Ferrous and ferric oxides, manganese 

oxide, aluminium oxide, calcium oxide, magnesia, potas- 
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slum, sodium, lithium, silicic acid, boracic acid, hydro- 
fluoric acid (phosphoric acid) and water. 

Determination of the Silicic Acid and Boracic Acid. — 
Fuse the finely pulverized mineral, previously dried at 
100^ C-) with four times its weight of potassium carbonate. 
The fused residue is heated with water, and, after filtering 
off the insoluble portion, subject it to a thorough washing 
with hot water. Boracic acid, a portion of the silicic acid 
and aluminum will be found in the filtrate. The latter are 
precipitated with ammonium carbonate and ammonium 
zinc oxide. (See p. 116.) The boracic acid is removed as 
boro-potassium fluoride by supersaturating the liquid, en- 
tirely free of silicic acid and aluminum, with hydrofluoric 
acid. (See the Determination of Boracic Acid in Boro- 
natrocalcite, p. 121.) 

The insoluble residue remaining after fusion with potas- 
sium carbonate, and the precipitate produced by ammo- 
nium carbonate and ammon-zinc oxide, are both decom- 
posed by hydrochloric acid, and the silicic acid taken out 
as in Natrolite (p. 126). 

The estimation of the oxides is most satisfactorily prose- 
cuted by decomposing a separate portion of the mineral 
with a mixture of hydrofluoric and sulphuric acids. The 
analysis is similar to that of Pistacite (p. 149). For the 
separation of potassium, sodium and lithium, the method 
described in the analysis of Psilomelane is the most satis- 
factory (p. 103). 

When the turmalin contains phosphoric acid, this is 
generally found with the iron and aluminum precipitate. 
It is advisable to determine this in a separate portion 
(p. 83), or in the weighed precipitate (see analysis of Min- 
eral Water), and deduct it from the aluminum and iron. 

The fluorine is most commonly estimated by difference. 
A direct method for its estimation is given on page 115. The 
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precipitate finally produced upon the addition of calcium 
chloride is, when boracic acid is present, calcium fluoride, 
calcium carbonate and borate. When treated with acetic 
acid the latter goes into solution with the calcium car* 
bonate. 

The water present may^be ascertained according to page 
36. A porcelain tube may advantageously replace one of 
glass. 

Zircon. 

Composition. — Zirconium oxide, ferric oxide, calcium 
oxide and silicic acid. 

The decomposition of the mineral, either by means of 
acids or fusion with alkaline carbonates, is attended with 
difficulty, and is only successful when potassium fluoride 
in hydrofluoric acid is employed for the purpose. The 
process is analogous to that followed in the analysis of 
Chromite (p. 88). After the fusion, hydrochloric acid is 
added to the mass, and the solution, which is then evapor- 
ated, is treated with ammonium hydrate, causing the pre- 
cipitation of the zirconium, which, after being washed, is 
ignited and weighed as ZrO,. The same precautions 
should be observed here which have been previously en- 
joined in the determination of aluminum (p. 37). When 
the zircon contains iron, the latter will be precipitated 
together with the zirconium. This may be prevented if 
sufficient tartaric acid is previously added to the solution, 
so that neither iron nor zirconium will be thrown down 
upon the addition of the ammonium hydrate. The iron 
can then be precipitated with ammonium sulphide and the 
iron sulphide as given on page 90, filtered and finally con- 
verted into ferric oxide. 

The filtrate is evaporated to dryness in a platinum dish, 
and the residue ignited to destroy the tartaric acid. The 
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combustion of the carbon may be hastened by moistening 
the residue with a saturated solution of ammonium sul- 
phate, and then applying a gentle heat. The final traces 
of carbon may be easily perfectly oxidized, if, finally, the 
operation be repeated with small quantities of ammonium 
nitrate. If, excepting the alkalies introduced by the de- 
composition of the mineral, no other oxides (calcium, etc.) 
are present, boil the residue repeatedly with water, and 
determine the residual zirconium oxide. When the con- 
trary is the case, the residue must be heated with ammo- 
nium fluoride, and the hydrochloric acid solution precipi- 
tated with ammonium hydrate as above. The calcium is 
then removed from the filtrate as calcium oxalate. 

To obtain the silicic acid, decompose a second portion 
with the alkaline carbonates, add hydrochloric acid to the 
fused mass, and do as directed on page 143. 



Pyrites. 

Composition, — Sulphur and iron ; traces of arsenic, anti- 
mony, gold, copper, nickel (cobalt, manganese), calcium 
oxide, magnesium oxide and quartz. 

In most instances in the analysis of pyrites the deter- 
mination of the sulphur is all that is required. Its con- 
version into sulphuric acid is best effected by fuming 
nitric acid (p. Ill), or potassium chlorate and nitric acid 
(p. 133). 

A very suitable oxidizing agent for pyrites is a solution 
of bromine in concentrated hydrochloric acid, which with 
the application of heat will, in a short time, convert the sul- 
phur into sulphuric acid. The bromine solution is at first 
allowed to act in the cold, and, subsequently, warmed 
gently, not allowing the temperature, however, to rise to 
the fusing point of the separated sulphur, which, if once 
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fused to a globule, will demand a large expenditure of 
time to change it to sulphuric acid. When the oxidation 
is complete, the solution is evaporated to remove bromine, 
hydrochloric and silicic acid. The sulphuric acid is deter- 
mined as barium sulphate in the filtrate (p. 15). 

Very often it is preferred to oxidize the pyrites by fusion 
with some substance yielding oxygen, and for this purpose 
a mixture of sodium and potassium nitrates is most com- 
monly taken. The results obtained, when this method is 
followed, are not very accurate, because the barium sul- 
phate produced is impurified by the corresponding nitrate, 
which salt is very difficultly removed, either by washing 
with hot water or subsequent digestion with dilute hydro- 
chloric acid. Very satisfactory results are obtained when 
potassium chlorate is substituted for the nitrate.* 

The finely divided substance is mixed in a platinum 
crucible with a mixture of six parts sodium carbonate and 
one part potassium chlorate, then fused over an ordinary 
Bunsen burner until gas bubbles no longer escape. Treat 
the fused mass with water, filter off the residue, and wash 
it with water containing sodium carbonate, until the wash- 
ings acidulated with hydrochloric acid yield no precipitate 
with barium chloride. Hydrochloric acid is gradually 
added to the filtrate to distinct acid reaction, the carbon 
dioxide expelled by boiling, and precipitation caused by 
barium chloride. 

When any potassium chlorate remains undecomposed in 
the fused mass, the hydrochloric acid solution must be 
warmed until the liquid ceases to impart the odor of chlo- 
rine gas, which is most perfectly accomplished by a par- 
tial evaporation of the solution. 

* The fusion with sod. carb. and potassium chlorate is pre- 
ferable also to the oxidation with nitric acid, because in the latter 
case the barium sulphate is likely to contain iron. (See p. 84.) 
U 
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Arsenic and Antimony Determination. — The estimation 
of these substances may very easily be combined with that 
of the sulphur. The aqueous solution of the fused mass 
obtained by sodium carbonate and potassium chlorate is 
reduced to a definite volume, determining in the one 
measured portion the sulphuric acid, as before directed, 
whilst the remainder is employed for the estimation of the 
arsenic and antimony. For this purpose acidify the alka- 
line liquid with hydrochloric atid, and precipitate both 
metals as sulphides, which may be separated according to 
page 164. 

Gold Determination, — The residue remaining after 
fusing the pyrites with sodium carbonate and potassium 
chlorate, and treating with water, is taken for the estima- 
tion of the gold. As the quantity of the latter is extremely 
small, a large amount of substance must be used, and the 
decomposition executed in a Hessian crucible. The resi- 
due, insoluble in water, consisting principally of ferric 
oxide, is ignited in a stream of hydrogen gas, and the re- 
duced iron (nickel, cobalt, etc.) dissolved in nitric acid. 
The residue that remains is dissolved in aqua regia, the 
silica filtered off, and the liquid evaporated to dryness on 
a water-bath. A few drops of dilute sulphuric acid are 
added to the aqueous solution of the residue, and the liquid 
heated some time with a concentrated ferrous sulphate 
solution. The metallic gold that separates out is washed 
then ignited in a porcelain crucible and weighed. 

Determination of Iron^ Copper , Manganese, Cobalt, 
Nickel, and the Alkaline Earths, — These substances are 
determined either in the solutions of the mineral in aqua 
regia, or in nitric acid and potassium chlorate, or, better, 
in the insoluble residue remaining after treating the fused 
mass obtained by fusion with soda and potassium chlorate 
(estimation of sulphur, antimony and arsenic) with water. 
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When the pyrites has been decomposed with aqua regia 
or nitric acid, the latter is removed by repeated evapora- 
tion with hydrochloric acid, the residue is dissolved in the 
same acid, diluted, and the liquid freed from silicic acid 
by filtration is reduced with sulphurous acid (p. 87). After 
the complete reduction of ferric to ferrous oxide, hydrogen 
sulphide is conducted into the liquid, and the filtered sul- 
phides digested with a solution of sodium sulphide. The 
insoluble copper sulphide is washed with water containing 
hydrogen sulphide, then ignited in a current of hydrogen 
and weighed (p. 48). 

Finally, after the expulsion of the hydrogen sulphide 
from the filtrate and the oxidation of ferrous to ferric 
oxide with nitric acid aided by heat, separate the iron, 
manganese, cobalt and nickel according to page 104. 

As the ferric oxide may contain some silicic acid and 
also the alumina that is present, the precipitate should be 
again dissolved in dilute sulphuric acid and the iron de- 
termined by titration, either with stannous chloride (p. 
80) or permanganate solution (p. 75). 

After the destruction of the ammonium sulphide by hy- 
drochloric or sulphuric acid (p. 105), the calcium and 
magnesium are precipitated in the usual manner with am- 
monium oxalate and sodium-ammonium phosphate. 

When that portion of the fused mass insoluble in water 
is used in the determination of the oxides, it is dissolved 
in hydrochloric acid, and, after separating the silica as 
usually done, separate in the filtrate the oxides as above 
described. 

Mispickel. 

Composition. — Iron, arsenic (antimony) and sulphur. 
The mineral may be either decomposed with aqua regia 
or with potassium chlorate (p. 133). In both instances 
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the nitric acid is expelled by repeated evaporation to dry- 
li^ss with addition of hydrochloric acid, and, after bringing 
the latter solution to a definite volume, the sulphuric acid 
is precipitated in a measured portion, or the entire solution 
is treated with barium chloride, the excess of the latter in 
the filtrate being removed by dilute sulphuric acid. 

For the separation of the arsenic (antimony) from 
the iron, precipitate the first as sulphides. As, however, 
the arsenic acid is so extremely slowly precipitated by 
hydrogen sulphide gas, it is more practical, to previously 
convert it into arsenious acid, which is easily thrown down 
as sulphide. Either sulphurous acid or the solution of a 
sulphite (see potassium or sodium hydrosulphite, p. 87) 
will serve as a reducing agent. Hydrogen sulphide is 
now conducted into the liquid until its odor is strongly 
predominant, and the arsenic (antimony) tersulphide fil- 
tered off. 

When the mineral does not contain antimony, the pre- 
cipitate may be dissolved in hydrochloric acid with the 
aid of potassium chlorate, and the arsenic acid then pre- 
cipitated from an ammoniacal solution as ammonium-mag- 
nesium arseniate (p. 69). 

When antimony is present the hydrochloric acid solu- 
tion is treated according to page 165. 

The filtrate from the arsenic sulphide, after the expul- 
sion of the hydrogen sulphide, is oxidized with nitric acid 
or potassium chlorate and the ferric oxide precipitated by 
ammonium hydrate (p. 24). 



Chaloopyrite. 

Composition, — Copper, iron, sulphur and quartz. 
All the constituents may be determined in the same 
solution if the method described (p. 133) be carefully fol- 
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lowed (oxidation of the sulphur compounds with potas- 
sium chlorate and nitric acid). The filtrate from the 
residual quartz is repeatedly evaporated with hydrochloric 
acid to expel the nitric acid, and the sulphuric acid then 
precipated by barium chloride. The excess of the latter 
is gotten out with dilute sulphuric acid. 

The copper in the liquid filtered from the barium sul- 
phate is determined as sulphide (p. 48), and the iron, after 
the removal of the hydrogen sulphide and oxidation of the 
liquid with nitric acid, is precipitated by ammonium hy- 
drate as ferric hydrated oxide. 

In most analyses of chalcopyrite, the estimation of the 
copper is the most important subject. It may be deter- 
mined as cuprous sulphide or as metallic copper. To 
estimate it in the latter form, be sure to drive out the last 
traces of nitric acid if it has been employed in the decom- 
position of the mineral. This may be accomplished by 
heating the filtrate from the quartz to boiling, and gradu- 
ally adding to it a concentrated soljition of ferrous sulphate 
acidified with sulphuric acid, until the liquid becomes 
dark-brown in color and the liberation of gas is no longer 
visible. When all the nitric acid is reduced, undecom- 
posed ferrous salt should still be present in the liquid. 
This is readily ascertained by adding potassium ferri- 
cyanide to a drop of the liquid. 

Cadmium or zinc will cause the separation of copper in 
a metallic form.* 

Of the volumetric methods for the determination of 
copper, only the two in most frequent use will be described. 

* For the electrolytic separation of copper as a method for 
determination in ores, see Fresenius, Journ. f. Analytische 
Chemie, Jahrg. 8, p. 23, and Jahrg. xi. p. 1. 

14* 
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Copper Determined with Sodium Hyposulphite, — 
When the solution of a cupric salt is mixed with a potas- 
sium iodide solution, cuprous iodide is precipitated, and a 
quantity of iodine, equaling that contained in cuprous 
iodide, separates : — 

2CuS0, + 4KI = Cu J, + 2K,SO, + I,. 

The separated iodine is determined with a sodium hy- 
posulphite solution (p. 96), and one atom of iodine cor- 
responds to one atom of copper. 

In the estimation of copper according to this method, 
the copper sulphide, as above obtained, is dissolved in 
nitric acid, and this then fully expelled by evaporation 
with addition of dilute sulphuric acid. 

The aqueous solution of the residue is mixed with an 
excess of potassiuni iodide and starch solution, and sodium 
hyposulphite added from a burette, until the blue color of 
the starch iodide first disappears. 

When, in estimating copper in ores, absolute accuracy 
is not required, the nitric acid solution may be saturated 
with ammonium hydrate, the iron oxide filtered off, and 
the solution after acidulation with hydrochloric acid treated 
as first directed. 

The precipitated ferric oxide, however, invariably con- 
tains some cupric oxide. To dissolve as much as possible 
of this, the filtered and imperfectly washed precipitate is 
again dissolved in hydrochloric acid and the precipitation 
with ammonium hydrate repeated. 

Copper Determined with Potassium Cyanide By su- 
persaturating the solution of a copper salt, e. g., copper 
nitrate, w^ith ammonium hydrate, a deep-blue colored 
liquid of cupric ammonium nitrate lCu(N03)24NH3] is 
produced. Upon the addition of a potassium cyanide 
solution to this liquid, the blue coloration immediately 
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disappears, as the cupric ammonium nitrate is altered to 
colorless potassium copper cyanide : — 

Cu(NO,),4NH3-h 4KCN = [Cu(CN),2KCN] + 2KNO3 

+ 4NH,. 

The end of the reaction, therefore, will be indicated by 
a perfect disappearance of the blue color of the solution. 

The value of the potassium cyanide solution employed 
is fixed with an ammoniacal copper solution of known 
strength. This solution is prepared by dissolving 10 
grms. of copper in nitric acid and diluting the liquid satu- 
rated with ammonium to 1 litre. 

This method, however, affords unreliable results, even 
if in the standardization of the solution, and in the actual 
titration, similar conditions are always observed. It has 
recently been recommended for the d extermination of cop- 
per in ores poor in the metal (especially for the estima- 
tion of copper in Mansfield slate) ; and, in addition, Stein- 
beck suggests the following process : Pour over ^\e grms. 
of the pulverized slate 40-50 C. C. commercial hydro- 
chloric acid of 1.16 sp. gr., adding to this 6 C.C. dilute 
nitric acid (equal vols, water and nitric acid of 1.2 sp. 
gr.), and heat upon a water-bath for half an hour, finally 
bringing the liquid to boiling, which should be continued 
ten to fifteen minutes. By this means all the metals con- 
tained in the ore are dissolved (Cu, Pb, Zn, Fe, Mn, Co). 
The insoluble portion is filtered off, and the copper thrown 
down from the filtrate with zinc. 

The final reduction of the copper solution may be re- 
cognized by mixing a drop of the liquid with ammonium 
hydrate (p. 58); the supernatant liquid is then poured 
off, the residual copper washed (p. 58), and dissolved in 
8 C. C. nitric acid of the above-mentioned concentration. 
To the cooled liquid are added 10 C. C. of ammonium 
hydrate (prepared by mixing 2 vols, water and 1 vol. 
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ammonium of sp. gr. 0.93), and then titrated with potas- 
sium cyanide. 

The value of the potassium cyanide solution is fixed 
with a copper solution of like concentration as the one 
about to be determined. Here, also, equal quantities of 
nitric acid and ammonium are to be used. 

Mohr advises that the ore be dissolved in nitric acid and 
sulphuric acid, or hydrochloric, nitric, and excess of sul- 
phuric acid, and that the solution then be evaporated to 
dryness. The filtered liquid is free from hydrochloric 
and nitric acid and lead, and upon the direct addition 
of zinc the copper may be obtained pure (free from 
lead). It is better then to immediately weigh the cop- 
per than to redissolve and determine it volu metrically. 

Nickel Matte. 

Copper Matte. 

Composition Nickel, cobalt, zinc, iron, copper, lead, 

arsenic, antimony, sulphur, and gangue. 

Digest the finely pulverized substance with aqua regia 
until pure gangue remains, and expel the nitric acid by re- 
peated evaporation with hydrochloric acid. If the gangue 
does not become white upon evaporating the residue 
with ' dilute hydrochloric acid, it should be fused with 
potassium hydrosulphate and the hydrochloric acid solu- 
tion of the residue added to the other. 

After the reduction of the arsenic acid with sulphurous 
acid or potassium hyposulphite, saturate the liquid with 
hydrogen sulphide gas, and filter off the sulphides thus 
obtained. By digesting these with sodium sulphide,* 

* As copper sulphide is somewhat soluble in ammonium sul- 
phide, the latter cannot, therefore, be used for the separation 
of antimony and arsenic. 
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arsenic and antimony are dissolved,* and are reprecipi- 
tated as sulphides upon the addition of dilute hydro- 
chloric or sulphuric acid to the filtered liquid. (See p. 52.) 

The sulphides are separated by dissolving them in aqua 
regia, and adding so much tartaric acid to the solution 
that the subsequent addition of ammonium hydrate will 
cause no precipitation. When the added tartaric acid 
was insufficient the ammonium hydrate will produce a 
precipitate, which, after the removal of the supernatant 
liquid, may be dissolved in an excess of the acid. From 
this solution magnesium chloride will only precipitate 
arsenic acid as ammonium-magnesium arseniate, which is 
determined as directed on page 69. 

After acidulating the filtrate with hydrochloric acid 
the antimony is precipitated as antimony tersulphide, and 
determined either as such or converted into antimoniate 
of antimony (p. 53). 

The insoluble copper and lead sulphides, after perfect 
washing with w^ater containing hydrogen sulphide, are 
dissolved in nitric acid, with addition of hydrochloric acid, 
and the liquid evaporated with dilute sulphuric acid 
(p. 49). In the filtrate from the lead sulphate, after ex- 
pelling the alcohol, determine the copper as oxide (p. 14), 
or as metallic copper (p. 58), or volumetrically (p. 162). 

The filtrate from the hydrogen sulphide precipitate is 
boiled to expel the excess of the precipitant, and nitric 
acid then added to oxidize the iron, which is thrown down 
upon the addition of ammonium hydrate. As the ferric 
oxide contains weighable quantities of zinc, cobalt, and 
nickel, the imperfectly washed precipitate is dissolved in 
hydrochloric acid, the solution neutralized with ammo- 

* When antimony and arsenic are present in rather large 
quantities, the sulphides digested with sodium sulphide and in- 
soluble, are fused with soda and sulphur (p. 54). 
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nium hydrate and carbonate (p. 72), and the iron pre- 
cipitated by boiling. The ferric oxide thus obtained should 
be examined for cobalt and nickel, and the precipitation 
finally repeated. 

In separating zinc from nickel, proceed as directed on 
page 62. When the zinc sulphide is not perfectly white, 
the separation should be repeated. 

Cobalt and nickel are precipitated in the filtrate by the 
addition of ammonium hydrate and sulphide. This is 
best executed in a flask that may be readily closed. An 
excess of ammonium sulphide should be avoided, as nickel 
sulphide is somewhat soluble in it. In case the filtrate is 
colored brown, due to the nickel held in solution, add 
mercurous nitrate to it. The mercury sulphide that forms 
carries down with it the nickel sulphide, and upon igniting 
the precipitate the former will again be volatilized. 

The dried sulphides are dissolved in hydrochloric acid* 
with addition of nitric acid, and the filter, freed as 
much as possible from the precipitate, incinerated, and 
the ash added to the solution. The diluted liquid is then 
treated with sodium hydrate in a porcelain or platinum 
dish (p. 22). The precipitate, consisting of the hy- 
drated oxides of cobhlt and nickel, after being washed 
perfectly by decantation with hot water, is reduced in a 
current of hydrogen, and the metals formed, as above 
directed (p. 2^), treated with water, and again ignited. 
They are generally rendered impure by small quantities 
of silicic acid, iron or alumina ; therefore, dissolve them in 
nitric acid, filtering the solution from the silicic acid, and 
precipitate the iron by neutralizing the solution with am- 
monium hydrate, and supersaturating with ammonium 

* When manganese is present, the sulphides are pre- 
viously treated with hydrochloric acid and hydrogen sulphide. 
(See p. 104.) 
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carbonate. Filter off the precipitate, dissolve it, and re- 
peat the precipitation. By ignition in a hydrogen cur- 
rent the ferric oxide will be reduced to the metallic state, 
and, together with the silicic acid, deducted from the co- 
balt and nickel. 

For the estimation of the cobalt and nickel, evaporate 
the filtrate from the ferric oxide and ignite the residue to 
expel all ammoniacal salts. In the hydrochloric acid 
solution of the residue, precipitate the cobalt as potassium 
cobaltic nitrite. (See p. 104.) The addition of sodium 
hydrate to the filtrate will produce the precipitation of the 
nickel. 

When there is relatively much cobalt present with the 
nickel, it is more practical to convert these into potassium 
nickel cyanide and potassium cobalt cyanide, and then 
precipitate the nickel as sesquioxide from an alkaline 
solution of these compounds. For this purpose, super- 
saturate the nitric acid solution of the sulphides with 
j)otassium hydrate, and add to this hydrocyanic acid, 
until the precipitate dissolves and the liquid very distinctly 
imparts the odor of the hydrocyanic acid. By boiling 
this solution for some time (about one hour), replacing 
the water that is evaporated, the double cyanide of cobalt 
and potassium in the solution is mostly converted, with 
the liberation of hydrogen, into potassium cobalticyanide, 
whilst the double cyanide of potassium and nickel remains 
unchanged. By conducting chlorine gas into this solu- 
tion, or warming it with bromine water or sodium hypo- 
chlorite, in which case care must be preserved that the 
liquid continues to be alkaline, the nickel will be precipi- 
tated as sesquioxide, which upon ignition passes into 
protoxide. The latter compound can readily have alkali 
adhere to it, therefore it is advisable to ignite the precipi- 
tate in a stream of hydrogen and determine the nickel as 
metal (p. 23). 
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For the determination of the cobalt, the filtrate is mixed 
with nitric acid until the liquid reacts only slightly alka- 
line, and mercurous nitrate is then added to it. The 
cobalt falls as cobaltic mercuric cyanide, which, after 
washing and ignition in a stream of hydrogen, becomes 
metallic cobalt. The metal should be tested for alkali 
(p. 22). 

In analyses of nickel-matte, the determination of the 
cobalt and nickel demands the most consideration, and 
the course of analysis, in consequence, may be consider- 
ably simplified. 

Proceed at first as above directed, removing from the 
solution everything precipitated by hydrogen sulphide gas. 
Separate in the filtrate, as heretofore, the iron from the 
zinc, cobalt and nickel. The filtrate from the iron pre- 
cipitate, which must necessarily be concentrated, is mixed 
with sodium carbonate to alkaline reaction, the precipi- 
tate that is produced being dissolved in acetic acid and 
sodium acetate (50 C. C. of a solution of the concentration 
1 : 10) added. From this solution the metals are preci- 
pitated by hydrogen sulphide, the liquid being heated con- 
tinuously to about 20° C. The filtrate from the sulphides 
of cobalt and nickel (zinc), which continues to impart the 
odor of the precipitant, is neutralized with ammonium 
hydrate and slightly acidulated with acetic acid, which 
will cause a meagre precipitation of nickel and cobalt sul- 
phides. This precipitate may be transferred to a sepa- 
rate filter. To remove the zinc co-precipitated with 
cobalt and nickel, we are obliged to dissolve the sulphides 
in hydrochloric acid, aiding their solution by the addition 
of nitric acid and evaporating the liquid to dryness, and 
mixing the hydrochloric acid solution of the residue with 
ammonium chloride. A sufficiently large quantity of the 
latter is added, so that for about 5 grms. of it there are 0.2 
grm. zinc oxide. Upon evaporating this solution to dryness 
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and gently igniting the residue, all the zinc will be vola- 
tilized in the form of chloride, together with the ammo- 
nium chloride, and metallic cobalt and nickel will remain. 
These are dissolved in hydrochloric acid with some nitric 
acid, and precipitated from this solution with potassium 
hydrate. The oxides thus obtained are, as heretofore, 
reduced and ignited. — Fresenius. 

For the mere determination of the copper in the matte, 
the already described process may be followed. 

The sulphur is best determined in a separate portion of 
the material. 



Copper or Lead-speiss. 

Regulus. 

These are obtained in the smelting of copper ores con- 
taining antimony or arsenic, or lead ores containing arsenic 
and nickel, and are in composition antimony and arsenic 
compounds of iron, cobalt and nickel, together with sul- 
phides of copper, lead, silver, bismuth, iron and zinc. 

Provided the quantity of lead or antimony in the speiss 
is small, the analysis may be executed in a manner similar 
to that employed with the copper matte. When bismuth 
is present, it is determined in the filtrate from the lead 
sulphate, after the expulsion of the alcohol, by adding an 
excess of water to the solution previously saturated with 
hydrochloric acid (p. 56). 

When large quantities of lead and antimony are present, 
it is advisable to decompose the subst-ance with chlorine 
gas. The apparatus pictured in Fig. 16 serves for this 
purpose. 

The bulb-tube k, of difficultly fusible glass, containing 
the finely pulverized substance, stands in connection with 
the chlorine generator and also the receivers v and v\ 
15 
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The downivard -inclined limb of the tube almost dips into 
the liquid of the receiver v. Tlie generating flask K con- 
tains coarsely powdered manganese dioxide, which, when 
heated with hydrochloric acid, generates chlorine gas, 
which is dried by its passage through the flasks a and b, 
containing concentrated sulphuric acid. 



To he able to properly regulat* the gas flow, a glass 
lube, bent at right angles, is inserted in the flask A'and 
immersed in the potassium hydrate contained in the 
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cylinder (7, so that upon the entire or partial closure of 
the stopcock h the chlorine will be conducted into the 
potassium hydrate and there absorbed, v and v' are par- 
tially filled with a mixture of equal volumes of hydro- 
chloric and tartaric acid. The chlorine gas is conducted 
away by connecting the extreme limb of the receiver v' 
with an aspirator or a glass tube, bent at right angles, 
the end of which dips in a solution of dilute potassium 
hydrate. 

As chlorine gas attacks caoutchouc corks very readily, 
ordinary corks are employed, and the tubings, connected 
by pieces of gum, are closely pushed together. 

When the apparatus is arranged, conduct a gentle but 
continuous stream of chlorine gas over the contents of the 
glass-bulb, and continue this as long as any decomposition 
of the substance occurs, which is indicated by the warm- 
ing of the bulb. The contents of the latter are now 
gently heated, the flow of the gas being at the same time 
increased, the temperature rising gradually ; not, however, 
becoming so great as to cause the bulb to fall into a red 
glow. By this process the volatile chlorides (arsenic, an- 
timony, a portion of the zinc and iron), and sulphur as 
chloride are driven from the bent tube into the receivers 
V and v', the chlorides being dissolved, and the sulphur 
oxidized to sulphuric acid.* 

When, upon the application of heat to the bulb, the 
sublimation of the chlorides no longer occurs, drive the 

* Under certain circumstances the sulphur choride is only 
partly oxidized to sulphuric acid ; this can occur when the sub- 
stance has been heated so intensely by the chlorine that the 
sulphur chloride was volatilized before the receiver had filled 
with chlorine gas. For this reason the chlorine stream must be 
carefully regulated by partial closure of the glass stopcock, 
which will prevent too intense warming of the bulb contents 
and the volatilization of the sulphur chloride. 
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sublimate in the bent tube, the stopcock h being closed, 
with the aid of a gas-flame, as much as possible into the 
receiver, and sever the tube immediately behind the bulb, 
and by proper inclination of the receiver dissolve the 
chlorides that may adhere to the glass tube. 

The contents of the receiver are transferred to a beaker 
glass, and the sulphuric acid precipitated with barium 
chloride (p. 15). If sulphur has separated out in the 
receiver, it is brought upon a weighed filter, dried at 
100° C, and its weight ascertained. 

After removing the excess of barium with dilute sul- 
phuric acid, precipitate the arsenic and antimony with 
hydrogen sulphide. The obtained sulphides are separated 
according to page 165. 

By saturating the filtrate from the sulphides with am- 
monium hydrate and sulphide, the iron and zinc will be 
precipitated as sulphides.* 

The latter are filtered with exclusion of air, washed 
with water containing ammonium sulphide, then dissolved 
in hydrochloric acid with addition of potassium chlorate, 
and added to the principal solution. 

The non-volatile chlorides of copper, lead, silver, bis- 
muth, cobalt and nickel (iron and zinc) remaining in the 
bulb are dissolved in dilute hydrochloric acid, and sepa- 
rated according to methods already described. 

Miargyrite. 

Composition — Silver, antimony (arsenic), sulphur and 
gangue. 

The mineral is very easily decomposed by chlorine gas ; 

* It will not do to add the filtrate directly to the solution of 
the metals remaining in the bulb-tube ^, because the tartaric 
acid will prevent the precipitation of the oxides by certain 
reagents. 
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after the decomposition the bulb-tube contains silver chlo- 
ride* and gangue, which are separated as directed under 
Galenite. 

In regard to the compounds that have passed over into 
the receiver, refer to the preceding analysis. 



Tetrahedrite. 

Composition, — Copper, antimony, arsenic, silver, lead, 
iron, zinc, sulphur and gangue. 

The decomposition here is also effected by chlorine. 
The receiver will contain antimony, arsenic and sulphur, 
as well as iron and zinc. After the separation of the an- 
timony, arsenic and sulphuric (p. 172) acid, precipitate 
the iron and zinc with ammonium sulphide, dissolve the 
precipitate in hydrochloric acid with addition of nitric 
acid, and proceed according to page 108. 

The bulb-tube contains the chlorides of copper, silver 
and lead, with gangue, and sometimes also iron and zinc. 
These should be dissolved in hydrochloric acid (silver 
chloride and any gangue present remain behind), and are 
separated in the manner described on page 152, 

Furnace-Bears. 

Sows. 

These form alloys of iron (principal constituent), cop- 
per, silver (gold), molybdenum, vanadium, cobalt, lead, 
nickel, zinc, with sulphides and phosphorus compounds of 
these substances, containing besides larger or smaller 
quantities of carbon and silicic acid. 

* The silver is best determined by cupellation in a separate 
portion. (See Galenite.) 

15* 
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These substances are completely dissolved by heating 
them with nitric acid or aqua regia, leaving behind carbon 
and silicic acid. The separation of the metals succeeds 
more readily when the decomposition has been effected 
by chlorine gas. In case a large quantity of iron is pre- 
sent, it is, however, necessary, in order that the obstruc- 
tion of the bent tube be prevented, to employ a tube of 
difficultly fusible glass provided with two bulbs, so that 
the second bulb is in a proper condition to take up the 
larger quantity of the ferric chloride. The ignition in a 
stream of chlorine is continued until ferric chloride is no 
longer sublimed, and then you may be assured all the 
molybdenum chloride has also been volatilized. In decom- 
posing with chlorine gas, the latter should be introduced 
slowly when beginning, and this is to be particularly ob- 
served when the substance exists in a finely pulverized 
state. Heat is only applied to the tube when there is no 
longer any perceptible action noticed in the cold. When 
the operation is complete, the receiver will contain, be- 
sides the sulphur and phosphorus chlorides, the iron, 
vanadium, and molybdenum in form of chlorides. In the 
bulb-tube may be found the remaining chlorides, as well 
as the iron residue, carbon and silicic acid. 

The contents of the receiver are used for the determi- 
nation of the oxides, whilst the sulphuric and phosphoric 
acids are estimated in a separate portion of the substance. 
( See below.) Continue conducting hydrogen sulphide gas* 
into the liquid until the solution above the precipitate has 
become perfectly colorless. As molybdic acid is altered 
very slowly to sulphide, the solution, containing the formed 

* When vanadium is not present, supersaturate the liquid 
with ammonium hydrate and sulphide, which will dissolve the 
molybdenum sulphide and leave the iron. (For the further pro- 
cess, see Pyromorphite.) The residual iron sulphide is converted 
into oxide. 
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molybdenum oxide, will possess a blue color, even after 
protracted treatment with this reagent. 

The absorbed chlorine, upon the other hand, decomposes 
a rather large quantity of hydrogen sulphide, and it is, 
therefore, owing to the easy volatilization of the dissolved 
chlorides, not advisable to previously expel the chlorine 
by the application of heat. 

The precipitate of molybdenum sulphide is transferred 
to a filter dried at 120° C, washed with hot water, and 
dried at the same temperature until constant weight is 
obtained. An aliquot portion of the precipitate is then 
heated in a stream of hydrogen and the residual MoS, 
determined. 

The filtrate from the molybdenum sulphide contains the 
vanadium and the iron. Ammonium hydrate is mixed 
with this until it yields an alkaline reaction, and yeUow 
ammonium sulphide then added in excess. By continued 
digestion with ammonium sulphide upon a water-bath 
the entire quantity of vanadium is dissolved ; the residue 
is iron sulphide, which may be dissolved in hydrochloric 
acid, and after oxidation with nitric acid, precipitated as 
hydrated ferric oxide. 

For the estimation of the vanadium the solution in am- 
monium sulphide is mixed with nitric acid and evaporated 
to dryness. The residue is mixed with several times its 
weight of saltpetre, and gradually heated to fusion in a 
porcelain crucible. Extract the residue with water, neu- 
tralize with nitric acid ; the liquid must, however, con- 
tinue to react alkaline, and precipitate the vanadic acid as 
ammonium vanadate. To this end, after concentrating 
the solution as much as possible, and while warm, add to 
it a saturated solution of ammonium chloride and one- 
third volume alcohol. After several days the ammonium 
vanadate will have separated perfectly, and may then be 
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washed at first with a saturated ammonium chloride solu- 
tion, and the latter finally replaced by alcohol. 

By gradual ignition of ammonium vanadate with access 
of air it is converted into (V^O^) vanadic acid. To pre- 
vent the reduction of the latter the precipitate must be 
carefully separated from the filter, and this incinerated 
upon a platinum wire, after having moistened it with am- 
monium nitrate, and then dried. The chlorides remain- 
ing in the bulb-tube are dissolved in hydrochloric acid, 
and the carbon transferred to an asbestos filter. Its 
quantity is determined by mixing it with cupric oxide, and 
oxidizing it in a stream of oxygen to carbon dioxide, 
which is absorbed by soda-lime, then weighed. For the 
remaining points of this operation, see the analysis of Cast 
Iron. 

When silver is present it will remain with the carbon, 
after treating the chlorides with hydrochloric acid. If it 
is desirable to determine the silver simultaneously with 
the carbon, ignite the residue in a stream of hydrogen, 
which will cause the reduction of the silver chloride to 
metal, which is then dissolved in dilute nitric acid, and 
the silver determined as chloride in the liquid filtered 
through an asbestos filter (p. 47). 

The separation of the chlorides dissolved in hydrochloric 
acid (residue of the bulb-tube after decomposition with 
chlorine gas) may be effected by reference to the preceding 
examples. 

To estimate the sulphuric acid dissolve a separate por- 
tion of substance in nitric acid or aqua regia, and expel 
the excess of nitric acid by repeated evaporation with hy- 
drochloric acid, and precipitate the sulphuric acid in the 
aqueous acidified solution of the residue with barium 
chloride. 

Phosphoric Acid Determination. — Supersaturate the 
nitric acid solution of the substance with sodium carbonate, 
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evaporate and fuse the residue in a silver or platinum « 
crucible with an equal weight of a fixture consisting of 
equal parts of potassium nitrate and sodium carbonate. 
The fused mass is extracted with water, the solution super- 
saturated with ammonium sulphide and digested some 
time upon a water-bath, whereby the molybdenum is dis- 
solved as sulphide and precipitated as such upon the addi- 
tion of hydrochloric acid. The acidified solution is heated 
until it no longer imparts the odor of hydrogen sulphide, 
and the phosphoric acid is then thrown down in the fil- 
trate, after previous neutralization with ammonium hy- 
drate by the addition of magnesium chloride to the liquid 
(p. 25). 

All the vanadic acid will be found in the filtrate from 
the magnesium ammon -phosphate, provided that a suffi- 
cient quantity of hydrochloric acid had been employed for 
the decomposition of the ammonium sulphide. 



Stibnite. 

Composition, — Antimony, sulphur (iron, lead, copper, 
arsenic). 

When the mineral contains nothing but antimony, iron 
and sulphur, a finely pulverized portion of it may be oxi- 
dized either with aqua regia, or potassium chlorate and 
nitric acid. If antimonic oxide separates out in this 
operation, decant the liquid from it, and bring it into 
solution by treating it with a mixture of hydrochloric and 
tartaric acid, or tartaric acid is directly added to the aqua 
regia solution. 

The liquid freed from excess of acid is precipitated with 
barium chloride, after the previous addition of tartaric 
acid, which is done to prevent the precipitation of any 
antimonic oxide. 
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The excess of barium chloride in the filtrate is precipi- 
tated by sulphuric acM, and the antimony in the filtrate 
thrown down as sulphide, and determined according to 
page 53. 

Determine the iron by adding ammonium hydrate and ] 

sulphide to the filtrate from the antimony sulphide. After i 

the complete separation of the iron sulphide, which is 
hastened by warming the liquid, it is filtered away from 
air-contact, washed with hydrogen sulphide water, and 
dissolved in hydrochloric acid with addition of potassium 
chlorate or bromine water. Ammonium precipitates from 
this solution hydrated ferric oxide, which is determined 
according to page 24. 

If the above-mentioned metals, especially lead, are pre- 
sent in the stibnite, it must be decomposed with chlorine. 
The chlorides of arsenic, antimony, sulphur and iron are 
sublimed and then separated as on page 172. 

As stibnite is decomposed very easily already at ordi- 
nary temperatures by chlorine gas, to prevent a too rapid 
volatilization of sulphur chloride (see remark, p. 171), 
the stream of chlorine must be regulated and allowed to 
pass through the bulb in a w^eak current. 

In the bulb-tube are the chlorides of lead and copper 
and the iron residue. These are dissolved in water with 
addition of hydrochloric acid, and the copper and lead 
separated according to page 49. 

The iron is precipitated as hydrated oxide in the filtrate 
from the copper sulphide. 

In many instances in the analysis of stibnite the esti- 
mation of the antimony is all that is desired ; this is ac- 
complished either gravimetrically or volumetrically. For 
the gravimetric determination of antimony, supersaturate 
the solution which has been obtained with ammonium 
hydrate and sulphide, and digest for some time upon a 
water-bath, following carefully the directions inserted on 
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page 52. In the presence of copper, sodium sulphide should 
replace ammonium sulphide. When considerable quanti- 
ties of other metals are mixed with antimony in stibnite^ 
one will not succeed in dissolving all the antimony sul- 
phide in alkaline sulphides ; therefore the residual sul- 
phides should be fused with sodium carbonate and sulphur 
(p. 54). 

Hydrochloric or sulphuric acid precipitates the sulphide 
of antimony from its solution in the alkaline sulphides, 
and it is then further treated according to the method 
given on page 52. The antimony sulphide may be decom- 
posed by hydrochloric acid, and the evolved hydrogen 
sulphide gas conducted into a bromine solution (p. 135). 
The antimony is calculated from the amount of sulphuric 
acid that has been obtained. 

Sb,S, : 3BaS0„ etc., or BaSO, : |Sb. 

The volumetric determination of antimony depends on 
the principle that the antimonic oxide in an alkaline solu- 
tion is converted by iodine into antimonic acid and hy- 
driodic acid : — 

HSbO, + 21 -I- H,0 = HSbO, + 2HI. 

If for the decomposition an iodine solution of known 
strength (about ^jj normal solution, which is made by dis- 
solving 12.7 grms. iodine in potassium iodide solution and 
diluting to 1 litre) has been taken, two atoms of the em- 
ployed iodine will correspond to one molecule of antimonic 
oxide. To ascertain when the reaction is complete, add 
starch paste to the solution, and, as soon as the liquid be- 
comes blue from the starch iodide, the oxidation of the 
antimony oxide is finished. 

The antimony tersulphide is dissolved in hydrochloric 
acid, heat applied until the odor of hydrogen sulphide has 
disappeared, and the solution then mixed with tartaric 
acid or Seignette salt and supersaturated with sodium 
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hydrocarbonate. After the addition of some starch paste, 
the iodine solution is allowed to flow from the burette 
until the blue color of starch iodide appears. 

If t C. C. iodine solution have been used, and a repre- 
sents the quantity of iodine in 1 C. C. of the solution, we 
have : — 

21 : HSb02 = a« i x or 21 : Sb : : a^ : a:. 

The standardization of the iodine solution is best fixed 
with antimony tartrate, and it is advisable that the same 
conditions be preserved in the titration (similar concen- 
tration, equal volumes tartaric acid and sodium hydrocar- 
bonate). 

Burnonite. 

Composition. — Lead, copper (iron) and sulphur. 
The pulverized mineral is decomposed with chlorine 
gas, and the analysis executed as heretofore. 



Zinkenite. 

Composition, — Antimony, lead (silver, copper, iron), 
sulphur. , 

The same mode of decomposition may be used here as 
in the preceding examples. As zinkenite is soluble in 
hydrochloric acid (excepting the silver that may be pre- 
sent, which will remain as silver chloride), the metals may 
be determined in this solution. The liquid is super- 
saturated with ammonium hydrate and sulphide (when 
copper is present use sodium sulphide), and the directions 
given on page 52 strictly followed. 

When the sulphides of lead, silver, copper and iron 
have been perfectly washed, they are dissolved in nitric 
acid, and the lead precipitated' as lead sulphate (p. 49). 
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The alcohol is expelled from the filtrate, and the silver 
then thrown down as chloride. In the filtrate from this, 
precipitate the copper as sulphide (p. 48). 

Expel the hydrogen sulphide, oxidize the solution with 
nitric acid or potassium chlorate, and precipitate the iron 
by ammonium hydrate. 

When hydrochloric acid has been employed in bringing 
the mineral into solution, the sulphur must be determined ; 
this is best accomplished by following the method de- 
scribed in the analysis of Ultramarine (p. 134). 

According to Wohler, zinkenite ignited in a current of 
hydrogen loses its entire quantity of sulphur as hydrogen 
sulphide, and there remains pure antimony-lead (silver, 
copper, iron). The analysis is carried out by heating a 
weighed portion of the sample, placed in a porcelain boat, 
which is inserted in a porcelain combustion tube, in a 
stream of hydrogen gas. The mixture of hydrogen sul- 
phide and hydrogen is conducted into a bromine solution 
(p. 134), and the sulphur calculated from the sulphuric 
acid that has been formed. 

Wh^n the decomposition is finished, the residue in the 
boat is dissolved in nitric and tartaric acids and examined 
as already directed. 

Ullmannite. 

Composition, — Antimony, nickel and sulphur. 

The niineral can also be decomposed by chlorine gas. 
The nickelous chloride remaining in the bulb is dissolved 
in dilute hydrochloric acid and precipitated with sodium 
hydrate. By ignition of the nickelous oxide in a current 
of hydrogen it is converted into metallic nickel (p. 23). 

16 
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Niccolite. 

KUPFERNICKEL. 

Composition. — Nickel, arsenic (iron, lead, sulphur). 

The finely powdered mineral is dissolved in aqua regia^ 
and the nitric acid removed by repeated evaporation with 
hydrochloric acid. After the reduction of arsenic to 
arsenious acid by means of sulphurous acid, the arsenic 
(and lead) is precipitated with hydrogen sulphide. Upon 
digesting the sulphides with ammonium sulphide, the 
arsenic sulphide will be dissolved. The undissolved lead 
sulphide is ignited in a stream of hydrogen and weighed 
(p. 30). 

The arsenic sulphide is repreci pita ted when hydro- 
chloric or sulphuric acid is added to the ammonium sul- 
phide solution. It is then converted into magnesium 
arseniate. (See p. 68.) 

As there is but a trifling amount of iron in niccolite, 
it is separated from nickel by double precipitation with 
ammonium hydrate and carbonate. The instructions on 
page 166 should be followed out here. 

Determine the sulphur in a separate portion by oxi- 
dizing the mineral with nitric acid or aqua regia. 

Linnaeite. 

COBALT-KIES. 

Composition, — Cobalt and sulphur. 

The finely pulverized mineral is decomposed either by 
aqua regia or potassium chlorate, and the solution freed 
from nitric acid by repeated evaporation with hydrochloric 
acid, and then mixed with barium chloride. The excess 
of the latter is precipitated by dilute sulphuric acid, and 
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the cobalt determined in the filtrate as hydrated oxide, 
which is converted into metallic cobalt (p. 22). 

If accurately agreeing measuring vessels are at com- 
mand, the solution of the substance may be reduced to a 
definite volume, and the measured volumes used in deter- 
mining the sulphuric acid and cobalt. 

Ck>baltite. 

Composition, — Cobalt, iron (copper, antimony), arsenic 
and sulphur. 

The course of analysis to be pursued may be readily 
determined from what has been learned from preceding 
examples. Cobaltite is decomposed by nitric acid alone, 
and the acid expelled by evaporating the solution with 
hydrochloric acid. In the aqueous solution of the residue, 
acidified with hydrochloric acid, precipitate the sulphuric 
acid with barium chloride and the excess of the latter 
with sulphuric acid. Or, we can use an aliquot portion 
of the solution for the estimation of the sulphuric acid. 
Before precipitating the arsenic, antimony and copper 
with hydrogen sulphide, first reduce the arsenic to arse- 
nious acid with sulphurous acid or potassium hyposulphite, 
and separate the metals by digesting them with sodium 
sulphide. The copper sulphide that remains, after being 
washed with water containing hydrogen sulphide, may be 
weighed as such (p. 48). The sulphides of arsenic and 
antimony that have been dissolved are precipitated accord- 
ing to page 165 and estimated. 

The filtrate from the above precipitate contains yet the 
cobalt and iron. Bring the solution to boiling to expel 
the hydrogen sulphide, then add enough nitric acid to 
convert the ferrous into ferric salts and separate the latter 
from cobalt by double precipitation with ammonium hy- 
drate and carbonate. (See Nickel Matte, p. 166.) 
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To precipitate the cobalt as bydrated oxide, tbe ammo- 
niacal salts must be first expelled by ignition, or the cobalt 
may be separated as sulphide. In doing this follow strictly 
the description mentioned under Nickel Matte. 

Arsenical Cobalt. 

Composition. — Cobalt, iron, arsenic and sulphur. 

Proceed precisely as in the analysis of Cobaltite. As 
the mineral contains a very considerable amount of iron, 
its perfect separation from the cobalt can only then be 
insured, when the first obtained precipitate of ferric oxide 
is redissolved in hydrochloric acid and the precipitation 
with ammonium hydrate and carbonate repeated. 

Cerrusite. 

Composition, — ^Lead oxide (ferric and calcium oxides) 
and carbon dioxide. 

The pulverized mineral is dried at 100° C. and dis- 
solved in dilute nitric acid, and the lead precipitated either 
(p. 49) as sulphate, or as sulphide (p. 57). 

Oxidize the filtrate, after expelling the hydrogen sul- 
phide gas, with nitric acid, and precipitate the small 
quantity of ferric oxide with ammonium hydrate and sub- 
sequently the calcium with ammonium oxalate (p. 13). 

The carbon dioxide is determined in another portion of 
the substance (p. 33). 

G-alenite. 

Composition, — Lead (antimony, arsenic, copper, silver, 
gold, zinc, iron), sulphur and gangue. 

Galenite that is rich in antimony is most advantageously 
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decomposed by chlorine gas. If nitric acid or some other 
oxidizing agent is used to cause solution, the separated 
lead sulphate is invariably impurified by antimony. 

In the decomposition with chlorine gas the receiver will 
contain the sulphuric acid, antimony, arsenic and also a 
portion of the iron and zinc. For the analysis of these 
substances refer to page 172. 

The bulb*tube will contain the chlorides of lead, silver, 
copper and the non-volatilized portions of iron and zinc. 
The separation of these substances will easily follow from 
the numerous examples and their treatment, which have 
already been given. The course of analysis is briefly in- 
dicated as follows : Dissolve the contents of the bulb in 
dilute hydrochloric acid; the greater portion of the lead 
will separate as chloride and dissolve again by repeatedly 
boiling with water. The insoluble portion is silver chloride 
and gangue.* After concentrating the solution precipitate 
the lead with dilute sulphuric acid, and the copper in the 
filtrate with hydrogen sulphide gas (p. 50). 

The filtrate, as heretofore, must be boiled and nitric 
acid added to oxidize the iron, which is then separated 
from the zinc by sodium acetate. The zinc in the filtrate 
is determined as sulphide. 

If the decomposition of galenite is effected by strong 
nitric acid, a large portion of the lead will separate as sul- 
phate. This may be dissolved and separated from the 

♦ Generally the silver is determined by refining (see below). 
To estimate the gangue in presence of silver chloride, ignite the 
residue in a stream of hydrogen, whereby metallic silver and a 
compound of silver and silica are produced. The silver will be 
perfectly dissolved when the residue is warmed with dilute 
nitric acid. The silica and gangue separate fully when the 
liquid is evaporated upon a water-bath. The aqueous solution 
of the residue may be employed for the estimation of the silver. 

16* 
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gangue by repeated boiling with hydrochloric acid. Or, 
the nitric acid solution may be evaporated to dryness with 
sulphuric acid, thus causing complete separation of the 
lead (p. 49). In this case, the joint weight of lead sul- 
phate and silica is determined, and the mass then digested 
with a solution of ammonium acetate or tartrate. The 
lead sulphate dissolves completely. The gangue residue 
is weighed and the difference in the two weights will indi- 
cate the amount of lead sulphate. 

The other metals will be found in the filtrate from the 
lead sulphate, and may be separated according to methods 
already described. 

Ordinarily, in the analysis of galenite, the determina- 
tion of the lead and silver is all that is wished, therefore 
the following methods are almost exclusively used : — 

25 grms. of the pulverized ore are mixed in a wrought- 
iron crucible with from 2 to 3 times the quantity of soda, 
the mass covered with a layer of borax and the crucible 
placed either in the hot muffle of an assay furnace or 
directly in the coke fire of a wind oven. When the con- 
tents of the crucible have become liquid, the air entrances 
are closed, causing a depression in the temperature, and 
the crucible is allowed to remain for ten minutes in the 
fire, which, however, is dependent upon the fusibility of 
the lead mixtures contained in the ore. When the liquid 
mass is no longer disturbed by gas bubbles, lift the cru- 
cible out of the oven, unite the lead globules by tapping 
upon the crucible, pour out first the slag and then the 
liquid lead that has collected on the crucible bottom in a 
metallic globule. With a certain amount of practice one 
can soon acquire the art of pouring out the lead perfectly 
free from slag, and obtain a regulus which can be imme- 
diately weighed. When slag is mixed with the lead, 
remove it by breaking up the regulus and weigh the lead 
after having washed it. 
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The reduced lead contains the entire quantity of silver* 
present in the ore. To determine this, the lead must be 
expelled, that is, converted by oxidizing ignition into lead 
oxide. To accomplish this the lead is placed in a pre- 
viously ignited cupel, and this then set in a glowing muffle. 
As soon as the lead is melted, by a partial opening of the 
draught the heat must be so regulated that the assay does 
not become too hot, which would cause a partial oxidation 
of the silver, which would then be absorbed by the cupel, 
together with the lead oxide. Again, when the tempera- 
ture sinks too low, the assay will become rigid (freeze). 
When the latter occurs, it is exceedingly difficult to bring 
the assay into propulsion. 

The point when all the lead has been expelled is easily 
recognized ; the smooth color of silver appears upon the 
metallic globules where thin coverings of lead oxide had 
been. The hot cupel is then taken from the muffle, and 
the globule of silver, while still hot, is smoothed over with 
a small steel anvil to free it from adhering lead oxide. 

When gold is present in galenite, it will be discovered 
in the silver globule. The silver is dissolved in dilute 
nitric acid, in a weighed porcelain crucible, the residual 
gold thoroughly washed by decantation with hot water 
(this can be executed without the slightest loss whatever), 
and its weight determined after slight ignition. 



Wulfenite. 

Composition. — Lead molybdate. 

The mineral is readily decomposed by fusion with a 
mixture of equal parts of sodium carbonate and sulphur. 

* To estimate the silver in ores poor in lead, mix them with 
lead oxide not containing any silver, and reduce them as above 
directed. 



^ 
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The procedure is the same as given at page 55, the fused 
mass being extracted with water. The molybdenum 
exists as sodium-molybdenum sulphide in the solution, 
and may be separated from the latter as sulphide by the 
addition of hydrochloric acid to it. The decomposition 
is best effected at a boiling heat, this being maintained 
until all the hydrogen sulphide is removed. The molyb- 
denum sulphide is transferred to a filter weighed at 120° 
C, washed with hot water, and an aliquot part of the pre- 
cipitate dried at the same temperature and ignited in a 
stream of hydrogen. The residue is MoS,. 

The residual lead sulphide is weighed as such, after 
having been perfectly washed with water containing hy- 
drogen sulphide (p. 20). 



Py romorphite . 
Green and Brown Lead Ore. ^ 

Composition. — Lead phosphate and chloride, sometimes 
with the sulphate and arsenate and calcium fluoride. 

To determine the lead oxide, calcium oxide, phosphoric 
acid, and arsenic acid, the finely pulverized mineral is di- J 

gested with nitric acid until it all has passed into solution, 
when the liquid is evaporated to dryness on a water-bath, 
with addition of hydrochloric acid. As the nitric acid will '% 

counteract the precipitation of the arsenic acid by hydro- 
gen sulphide, the residue is again moistened with strong 
hydrochloric acid, the evaporation repeated, and solution 
finally effected by hydrochloric acid. After pouring off 
the supernatant liquid, the separated lead chloride is dis- f% 

solved by successive washings with water, and a stream of 
hydrogen sulphide conducted through the liquid which 
bad previously been reduced by sulphurous acid. The 
precipitate, sulphides of arsenic and lead, is digested 
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with ammonium sulphide, the iusoluble lead sulphide 
ignited in a stream of hydrogen, and the arsenic tersulphide 
reprecipitated from its solution upon the addition of dilute 
hydrochloric acid. The sulphide is converted into ammon- 
magnesium arseniate and determined (p. 69). 

Sulphuric acid is added to the filtrate from the above 
sulphides, the solution evaporated, and the calcium deter- 
mined as sulphate (p. 29). 

Neutralize the filtrate with ammonium hydrate and pre- ^ 
cipitate the phosphoric acid by adding magnesium chlo- 
ride (p. 25). In the presence of sulphuric acid, some of 
it is likely to contaminate the magnesium precipitate ; it 
is, therefore, necessary to redissolve the imperfectly washed 
precipitate in hydrochloric acid and reprecipitate by addi- 
tion of ammonium hydrate and some more magnesium 
chloride solution. 

Proceed in determining the chlorine as directed (p. 117). 

The sulphuric acid is precipitated by barium chloride 
(p. 15) in the nitric acid solution, after the excess of the 
latter acid has been evaporated. 

The determination of the fluorine in the presence of 
phosphoric acid, lead, etc., is accompanied by many diffi- 
culties and cannot be accurately estimated, and must 
therefore be calculated by difference. 



Lead Matte. 

Composition Lead, copper, iron (silver, antimony, 

nickel, zinc), sulphur. 

The finely pulverized substance can be decomposed by 
chlorine gas, and the analysis indeed conducted through- 
out similarly to that. described on page 170. 
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Red Lead. 

Composition. — Besides the lead tetroxide, the commer- 
cial red lead contains generally small quantities of arsenic, 
antimony, copper, silver, iron, zinc, calcium, silicic acid 
and carbon dioxide. 

If, in the production of red lead, the lead oxide has 
not been perfectly oxidized, there is formed a mixture of 
lead tetroxide and oxide. The quantity of the latter may 
be determined by digesting the finely pulverized substance 
dried at 100° C, with a solution of neutral lead acetate, 
in which the oxide is easily soluble. The insoluble tetrox- 
ide is transferred to a weighed filter and dried at 100° C, 
until the weight becomes constant. 

The impurities occurring in red lead are determined by 
dissolving the substance, dried at 100° C, in dilute hydro- 
chloric acid. Should lead chloride perchance separate out, 
it may again be dissolved by treating it repeatedly with 
hot water. Any silver chloride or silicic acid* present 
remains undissolved. Filter, and evaporate the filtrate 
with addition of sulphuric acid to determine the lead 
(p. 49). 

The arsenic, antimony, and copper are precipitated by 
hydrogen sulphide in the filtrate from the lead sulphate. 
The first two are separated with sodium sulphide and 
determined as directed on page 165. After washing the 
insoluble copper sulphide with water containing hydrogen 
sulphide, ignite and weigh it. 

For the estimation of silver in red lead take at least 25 
grms. and form a lead regulus by fusing the substance 
with soda and borax. The silver will remain in the cupel 
after the expulsion of the lead (p. 186). 

* Silver chloride and silicic acid are separated according to 
page 185. 
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Iron, zinc and calcium are determined as usual in 
the filtrate from the precipitate produced by hydrogen 
sulphide. 

Ascertain the quantity of carbon dioxide according to 
page 38. Sulphuric acid must be used to decompose the 
lead tetroxide, because hydrochloric acid would form with 
it free chlorine and lead chloride. 



Cinnabar. 

Composition, — Mercury sulphide, ferric and manganic 
oxides (copper), calcium oxide and alumina. 

Sulphur Determination. — It may be oxidized to sul- 
phuric acid by treating the finely pulverized substance 
with aqua regia, or nitric acid and potassium chlorate 
(p. 133), or even with bromine in a hydrochloric acid 
solution (p. 156). 

Another method is based upon the oxidation of the sul- 
phur by chlorine in presence of a caustic alkali (sodium 
or potassium). Suspend the pulverized substance in dilute 
potassium or sodium hydrate, and while applying heat 
continue the introduction of chlorine into the liquid until 
the red color of cinnabar has been changed to the red- 
brown of mercuric oxide; or until the oxide has been 
fully converted into the white chloride. After acidifying 
the solution with hydrochloric acid, precipitate the sul- 
phuric acid as usual (p. 15). 

Determination of the Mercury and remaining Oxides, 
— A solution of the substance in aqua regia is evaporated 
with addition of hydrochloric acid to dryness upon a water- 
bath. The hydrochloric acid solution of the residue is 
boiled with sulphurous acid to reduce ferric to ferrous 
oxide, and the mercury then precipitated by hydrogen 
sulphide. 
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The mercuric sulphide (HgS) is brought upon a filter 
dried at 100° C, washed with water, and dried at the same 
temperature until the weight becomes constant. 

The mercuric sulphide is invariably mixed with sulphur 
when the reduction with sulphurous acid has been omitted 
or imperfectly executed. To remove this impurity pour 
carbon disulphide from time- to time over the dried pre- 
cipitate until a drop of the filtrate evaporated upon a 
watch-glass does not leave a residue of sulphur. When 
the quantity of sulphur is large, it is better to dissolve it 
in warm sodium sulphite. Spread out the filter upon a 
glass plate, wash the precipitate into a porcelain dish, and 
then digest it with sodium sulphite. After drying the 
filter, again fold it and filter off the mercuric sulphide, 
which is washed with cold water and then dried. 

This method is not applicable in the presence of copper, 
because the sulphide of the latter is with difficulty sepa- 
rated from that of mercury. In this case mix the hydro- 
chloric acid solution with an excess of phosphorous acid, 
which will reduce mercuric chloride to insoluble mercurous 
chloride (Hg^Cl,). After standing twelve hours in a 
iftoderately warm place, bring the precipitate upon a filter 
dried at 100° C; wash with hot water, and dry at the 
above temperature until constant weight is obtained. 

The copper is determined as sulphide in the filtrate 
(p. 50). 

The filtrate from the latter contains yet the remaining 
oxides, the separation of which has already been given on 
page 71. 

If the estimation of mercury in any of its ores is all 
that is desirable, this may be easily accomplished by pre- 
cipitating it in metallic form by means of stannous chlo- 
ride. With the hydrochloric acid solution absolutely free 
from nitric acid, mix a clear solution of stannous chloride 
(obtained by dissolving tin in hydrochloric acid) in excess. 
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and heat to boiling. By this process we have the mercuric 
chloride perfectly reduced to the metallic state, and stan- 
nic chloride produced at the same time. When the pre- 
cipitate has perfectly subsided, decant the clear supernatant 
liquid, and unite the globules to one mass, which is very 
easily done by again heating the residue with some stan- 
nous chloride and a few drops of hydrochloric acid. Wash 
the mercury by decantation at first with water containing 
hydrochloric acid, and finally with pure water, then trans- 
fer it to a tared porcelain crucible. The greater portion 
of the water adhering to the metal may be removed with 
filter paper. The crucible is, however, placed in a desic- 
cator containing sulphuric acid, and the weight of the 
perfectly dried metal determined. 

When cinnabar contains considerable quantities of other 
metallic compounds, it is by far advisable to effect its de- 
composition in a stream of chlorine gas, thus causing the 
volatilization of the mercury as chloride, and determining 
it in the receiver. 



Molybdenite. 

Composition, — Molybdenum sulphide. 

The mineral is decomposed precisely as lead molybdate, 
viz., by fusion with sodium carbonate and sulphur. Hy- 
drochloric acid will precipitate the molybdenum sulphide 
from the aqueous e^ftract of the fused mass. Determine 
it according to page 188. 

When other metals are mixed with the molybdenite, 
they remain as sulphides upon dissolving the fused mass 
in water. 

Always estimate the sulphur in a second portion of the 
substance, fusing it with a mixture of sodium carbonate 
and potassium chlorate (p. 157). 
17 
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Bismuthinite. 



Composition, — Bismuth (copper, lead, gold, tellurium, 
arsenic, iron, cobalt, nickel), sulphur. 

Digesting with concentrated nitric acid will perfectly 
decompose the mineral, and when an insoluble residue 
remains, fuse it with potassium hjdrosulphate. After 
driving off the excess of nitric acid upon a water-bath, 
mix hydrochloric acid with the solution, and upon diluting 
this with a large quantity of water, bismuth oxychloride 
will separate out, and this may be converted into metallic 
bismuth by pursuing the course given on page 56. 

The filtrate contains the other oxides. To estimate 
the tellurium, evaporate the nitric acid, dissolve the resi- 
due in dilute hydrochloric acid, and separate the tellurium 
as metal by heating its solution with sulphurous acid or 
potassium hydrosulphite. If the solution was dilute, or 
very small quantities of tellurium were present, to render 
the precipitation complete, the liquid should be allowed to 
stand for several days in a warm place. The separated 
tellurium is washed by decantation with sulphurous acid, 
and dried upon a filter dried at 100° C, until the weight 
is perfectly constant. 

When gold is present in the bismuth ore, it is simulta- 
neously separated with the tellurium. The weighed pre- 
cipitate is treated with nitric acid, which will cause the 
solution of the tellurium, leaving the gold. Or both metals 
are dissolved in aqua regia, the nitric acid removed by 
evaporation, and the hydrochloric acid solution of the 
residue reduced by a concentrated solution of ferrous sul- 
phate, which will throw down metallic gold. 

The separation of the remaining oxides from tellurium 
in the gold filtrate may be found in what precedes. 
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Uraninite. 

Pitch-blende. 

Composition, — Uranium protosesquioxide, with variable 
quantities of lead, copper, bismuth, arsenic, antimony, 
sulphur, selenium, vanadium, iron, manganese, cobalt, 
nickel, zinc, calcium, magnesia, sodium, carbon dioxide, 
silicic acid and water. 

It has been recommended, when selenium occurs in 
this mineral, to determine it by heating the finely pow- 
dered substance in a current of chlorine (p. 170), causing 
the volatilization of the chlorides of bismuth, arsenic, anti- 
mony, sulphur and iron, and all the selenium. When the 
decomposition is complete, the liquid contained in the 
receiver is warmed gently on the water-bath to expel the 
chlorine, and the selenium precipitated in metallic form 
by reducing the solution with sulphurous acid or potassium 
hydrosulphite. The course of procedure is analogous to 
that followed in the determination of tellurium in the pre- 
ceding example (p. 194). 

The vanadium, too, may be best determined in a sepa- 
rate portion of substance. Fuse the powdered substance 
in a silver crucible about an hour with an equal weight of 
potassium nitrate, and lixiviate with water, which will 
dissolve all the vanadium as potassium vanadate. After 
neutralizing this liquid with nitric acid the vanadium is 
precipitated by the addition of ammonium chloride 
(p. 175). 

The remaining oxides are determined by digesting the 
powdered substance with nitric acid. If a residue re- 
mains, this is decomposed by heating it with a mixture of 
nitric and sulphuric acids and filtering off the silicic acid. 
When the excess of acid has been driven away, reduce 
the arsenic to arsenious acid, and precipitate with hydro- 
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gen sulphide the metals thrown down by this reagent. 
Arsenic and antimony (selenium) are separated by treat- 
ing their sulphides with ammonium sulphide, or, when 
copper is present, with sodium sulphide. The sulphides 
not soluble in ammonium sulphide are dissolved in nitric 
acid, and lead and bismuth separated according to the 
method given on page 55. The filtrate from the bismuth 
contains the copper which is determined as sulphide (p. 
50). 

The filtrate from the hydrogen sulphide precipitate 
neutralize with ammonium hydrate, carbonate and sul- 
phide, adding the first in excess to prevent the precipi- 
tation of uranium by the last. Since, however, when 
considerable quantities of iron, cobalt, etc., are present, a 
portion of the uranium is likely to remain with their 
sulphides, dissolve the latter in hydrochloric acid, with 
addition of nitric acid, and precipitate ferric and uranie 
oxides (with small quantities of cobalt and nickel) by 
ammonium hydrate. It is necessary to redissolve the 
precipitate in hydrochloric acid and repeat the precipita- 
tion to get rid of the co-precipitated oxides. To separate 
the iron from the uranium, ignite the dried residue in 
a stream of hydrogen, thus reducing the iron to metal 
and uranium sesquioxide to protoxide. Dilute hydro- 
chloric acid now added to the residue will perfectly dis- 
solve the iron. The uranium oxide (UO) is re-ignited in 
a current of hydrogen and weighed. 

The principal quantity of uranium will be discovered 
in the ammonium sulphide solution filtered from the sul- 
phides. If any nickel has been dissolved, the liquid will 
possess a brown color. The addition of a few drops of 
mercurous nitrate to it will clear the solution (p. 166). 
Acidulate the liquid with hydrochloric acid, expel the 
hydrogen sulphide, and precipitate the uranium in the 
filtrate with nitric acid. The hydrated uranie oxide thus 
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obtained is changed by ignition in a current of hydrogen 
to uranous oxide. 

The cobalt, nickel, zinc, manganese and calcium are 
separated, according to page 104, in the filtrate from the 
iron-ui*anium precipitate. 

The alkaline earths and alkalies are in part contained 
in the filtrate from the uranium precipitate, but the 
greater portion of the calcium will be found in that from 
the iron-uranium precipitate. 

The carbon dioxide and sulphur are determined in 
separate portions, the first according to page 33, and the 
sulphur after page 133. 

If upon the addition of hydrochloric acid to the mine- 
ral hydrogen sulphide be disengaged, the method of esti- 
mating the carbon dioxide must be somewhat modified. 
(See the analysis of Soda.) 



Wolframite. 

Composition* — Tungstic acid, ferrous oxide, manganous 
oxide (calcium oxide and magnesia). 

The mineral is only with difiiculty decomposed by acids, 
but this is readily remedied by fusing it with four times 
its weight of potassium or sodium carbonate. The aqueous 
extract of the fused mass will contain all the wolfram as 
potassium (sodium) tungstate. The oxides of iron and 
manganese remain undissolved. After washing they are 
dissolved in hydrochloric acid, and separated as hereto- 
fore directed (p. 71). 

The tungstic acid may be precipitated as such from an 
alkaline solution, or as tungstate of mercurous oxide. 

To separate the acid as such from an alkaline solution, 
supersaturate the latter with hydrochloric acid, evaporate 
to dryness upon a water- bath, and heat the residue for 

17* 
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some time at about 120^ C. The alkaline chlorides are 
dissolved in water, hydrochloric acid being added, and 
the insoluble tungstic acid being filtered off, washed with 
water containing hydrochloric acid, and then ignited with 
air access. To avoid any reduction of the acid by the 
carbon of the filter, obtain the latter as free as possible 
from the precipitate, and after moistening it with a few 
drops of ammonium nitrate and drying, incinerate it upon 
a platinum wire. If the tungstic acid is not pure yellow 
in color, it is moistened with a few drops of nitric acid, 
and the ignition in an open tube repeated. 

To determine the tungstic acid as tungstate of mercurous 
oxide, neutralize the liquid with dilute nitric acid to slight 
acid reaction, drive out the absorbed carbon dioxide by 
heat, and add then a sufficient quantity of mercurous ni- 
trate. Ammonium hydrate is now added, drop by drop, 
until the precipitate assumes a brown color, and it has 
subsided ; filter and wash it perfectly with water containing 
mercurous nitrate. After ignition with access of air, the 
residue is tungstic acid (WO3). 



Scheelite. 

Composition, — Calcium tungstate, frequently also small 
quantities of magnesia and cupric oxide. 

Scheelite is completely decomposed either by hydro- 
chloric or nitric acid. The solution is evaporated to dry- 
ness, the residue heated to 120° C, and hydrochloric acid 
poured over it. The insoluble tungstic acid is determined 
as in the preceding example. 

In the filtrate from the above the calcium and magne- 
sium are estimated in the usual manner. 

The cupric oxide may be precipitated by hydrogen sul- 
phide. 
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Refined (Soft) Lead. 

Composition, — Lead, with small quantities of silver, 
copper, bismuth, antimony (arsenic), cadmium, iron, zinc, 
nickel (cobalt, manganese). 

Take for the analysis 200-500 grms. of lead, according 
to its purity, 200 grms. usually being sufficient. After 
cleaning the lead, hammer it out, upon a steel anvil, into 
a thin plate of 0.05 Cm. thickness, and divide it into 
pieces of about 2 or 3 Cm. length. These are introduced 
into a flask, and 250 C. C. of concentrated nitric acid of 
sp. gr. 1.4 poured over them, and the whole diluted with 
500 or 600 C. C. distilled water. The solution will be con- 
siderably hastened by warming the flask and its contents 
upon a water- or sand-bath. When the evolution of the 
gas is too violent, remove the flask for a short time ; not 
long enough, however, to cool the liquid sufficiently to 
cause the separation of lead nitrate. 

The solution is generally complete and perfectly clear 
after three hours, providing the quantity of antimony in 
the lead does not exceed .02 or .03 per cent. When lead 
antimoniate separates from the solution, filter the liquid 
and wash the residue completely with water. Mention will 
hereafter be made for the further treatment of the residue. 
The nitric acid solution is brought into a 2 litre flask, 
provided with a mark, and 170 C. C. dilute sulphuric acid 
(1 part concentrated HjS04 ^^^ ^ parts water) added, 
which will produce a precipitation of the lead sulphate. 
Add water to the mark. Shake the flask well and allow 
the precipitate to subside, then remove the principal por- 
tion of the supernatant liquid with a siphon filled with 
the same liquid, without carrying away any lead sulphate. 
1750 C. C. of the clear liquid are evaporated to dryness, 
and the residue ignited, until white vapors of sulphuric 
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acid hydrate appear. When cool, add 50 or 60 C. C. of 
water and filter off the slight quantity of lead sulphate 
that may have separated. As it may very probably con- 
tain a small quantity of antimony, dissolve it in hydro- 
chloric acid and precipitate it with hydrogen sulphide. 
The antimony sulphide is separated from the lead by 
treating the precipitate with ammonium sulphide, and 
adding hydrochloric acid to this filtered solution (p. 52). 
The acidified liquid is in the mean time preserved. 
Conduct a stream of hydrogen sulphide into the fil- 
trate from the lead sulphate, maintaining, during the 
operation, a temperature of about 70° C. to facilitate the 
reduction of arsenic to arsenious acid. When the pre- 
cipitate has fully subsided, filter it off and digest it with a 
solution of potassium or sodium sulphide, and precipitate 
again the sulphides of arsenic and antimony in the solu- 
tion by the addition of hydrochloric acid. This precipi- 
tate is combined with the antimony sulphide obtained 
above, washed with water, and the adherent sulphur re- 
moved by carbon disulphide, after drying the filter or 
substituting alcohol for water in washing. 

If lead antimoniate remained when the lead was dis- 
solved in nitric acid, dissolve it in hydrochloric acid with 
addition of tartaric acid, and add hydrogen sulphide. 
The antimony (arsenic) sulphide thus obtained can be 
brought upon the same filter with the sulphides obtained 
by precipitation with potassium or sodium sulphide. 

The dry filter is placed in a rather large porcelain cru- 
cible, and fuming nitric acid poured upon it. When the 
fibres of the paper have been perfectly destroyed, and the 
greater portion of the nitric acid removed by evaporation, 
dilute with water, and add in excess sodium carbonate 
and some nitrate. After evaporation the residue is fused 
and heat applied, until the fused mass becomes perfectly 
white. Lixiviate the cooled residue and wash the insolu- 
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ble sodium aritimoniate first with water and then with 
alcohol. Dissolve the residue in hydrochloric and tartaric 
acids, and precipitate the antimony with hydrogen sul- 
phide. 

The filtrate from the sodium antimoniate contains so- 
dium arseniate and some antimony. Expel the alcohol 
and acidify the solution with dilute sulphuric acid, evapo- 
rating the nitric acid and precipitating the arsenic and 
antimony with hydrogen sulphide. (See above.) Pour 
over the washed sulphides on the filter a cold, concentrated 
ammonium carbonate solution, dissolving by this means 
the arsenic tersulphide, and leaving the antimony. For 
the complete removal of the arsenic, repeat the operation 
several times, employing small quantities of an ammonium 
carbonate solution. The addition of hydrochloric acid to 
the filtrate will reprecipitate the arsenic. After driving 
away the carbon dioxide by the application of heat, add 
more hydrogen sulphide, bring the precipitate upon a 
weighed filter, and dry it at 100° C. 

The two preciptates of antimony tersulphide are filtered 
and washed. Fresenius suggests that in tliis case the fil- 
tering be done through a small glass tube, drawn out at 
the lower end, and above the contraction fitted loosely 
with asbestos. The tube is dried and then weighed. 
When the antimony sulphide has been washed, and the 
tube dried, a stream of carbon dioxide is conducted through 
it, the antimony being heated until it becomes black, when 
the carbon dioxide is replaced by air and the tube again 
weighed. 

Or, the antimony sulphide is transferred to a small fil- 
ter, washed with water containing hydrogen sulphide and 
ammonium nitrate, and then a small quantity of a warm, 
ammonium sulphide solution poured over it. This liquid is 
allowed to flow into a weighed porcelain crucible, the filter 
washed with water and the solution then evaporated upon 
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a water-bath. By digesting the residual antimony sulphide 
with nitric acid, it is readily converted into antimoniate 
of antimonic oxide. (See p. 53.) 

The results prove fully as accurate if the tersulphide of 
antimony is determined volumetrically (p. 179). 

Instead of separating arsenic and antimony according 
to the above-mentioned method, their sulphides may be 
dissolved in hydrochloric acid with addition of potassium 
chlorate, and the arsenic acid, then precipitated after the 
addition of tartaric acid, as ammonium magnesia arseniate 
(p. 69). The antimony in the filtrate is thrown down 
with hydrogen sulphide, and determined as above. 

The copper, cadmium, etc., sulphides, insoluble in po- 
tassium sulphide, are dissolved in dilute nitric acid (1 
part HNO3, sp. gr. 1.2, and 2 parts H,0), and the solution 
then evaporated with dilute sulphuric acid, until the white 
vapors of the latter appear. If any lead sulphate remains 
upon treating the resi4ue with water, filter it off and 
wash it with water containing sulphuric acid. 

For the separation of the bismuth from the other metals, 
neutralize the liquid with sodium carbonate — the solution 
must, however, react acid — add some potassium cyanide, 
and heat gently upon a water-bath. Wash the potassium 
bismuth cyanide, and dissolve it in nitric acid, precipi-. 
tating the bismuth as carbonate. For this purpose mix 
the solution with a slight excess of ammonium carbonate, 
and heat it for some time to boiling. The bismuth car- 
bonate is filtered, washed and ignited. The residue is 
bismuth oxide (Bi^Oj). 

To the filtrate from the potassium bismuth cyanide add 
more potassium cyanide to prevent the precipitation of the 
copper, and mix in sodium or potassium sulphide. The 
precipitate of silver and cadmium sulphide is washed per- 
fectly with water, and then dissolved in dUute nitric acid. 
On the addition of a few drops of hydrochloric acid to the 
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liquid, the silver will be completely precipitated (p. 47).* 
Concentrate the filtrate and precipitate the cadmium as 
carbonate (p. 64). 

The copper is present in the filtrate from the silver and 
cadmium sulphides. This is slightly acidified with hydro- 
chloric acid, heated until the odor of hydrocyanic acid has 
disappeared, and the copper then precipitated by hydrogen 
sulphide (p. 48). 

The original filtrate from the hydrogen sulphide pre- 
cipitate, containing zinc, iron, etc., is mixed with ammo- 
nium hydrate and sulphide, and the sulphides obtained 
filtered off. Should any nickel sulphide pass into solution, 
which is most generally the case, separate it again by the 
method described on page 166. 

By treating the sulphides directly upon the filter with 
hydrochloric acid and hydrogen sulphide water (see p. 
104), iron, zinc and manganese will be dissolved. The 
sulphides of nickel and cobalt constitute the residue. Oxi- 
dize the solution with nitric acid, and separate the iron 
and zinc by repeated precipitation with ammonium hydrate 
(p. 109). The ferric oxide is ignited and weighed. 

Acidify the filtrate from the ferric oxide with acetic 
acid, and precipitate the zinc with hydrogen sulphide (p. 
19). After the solution has stood twenty-four hours, 
filter off the precipitate and weigh it. 

Concentrate the filtrate from the zinc precipitate by 
evaporation, and mix it with ammonium hydrate and sul- 
phide. When the manganese sulphide has stood twenty- 

* The quantity of silver is most accurately ascertained by re- 
fining 50 grms. of lead. For a gravimetric determination, dis- 
solve 200 grms. of the lead in nitric acid, and dilute this solution 
strongly with water. Add to this a few drops of dilute hydro- 
chloric acid, and filter after the precipitate of silver chloride has 
fully subsided. By ignition in a current of hydrogen gas, this 
is converted into metallic silver. 
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four hours, filter it off aud determiue it as mentioned on j 

page 21. 

The sulphides of nickel and cobalt, insoluble in dilute 
hydrochloric acid, are dissolved by it upon addition of a ! 

few drops of nitric acid, and the solution evaporated almost 1 

to dryness, and mixed with ammonium hydrate to distinct j 

alkaline reaction. If this produces a slight precipitation, 
filter this, and in the filtrate throw down the cobalt and : 

nickel by boiling with sodium hydrate. (See p. 166.) | 

In the calculation of the analysis, the space occupied by 
the lead sulphate must be regarded. 100 grms. lead con- 
verted in sulphate occupy 23 C. C, 200 grms. 46 C. C. 
Therefore, when calculating, the 1750 C. C. are not to 
be referred to the 2000 C. C, but to 2000—46=1954 C. C. 
or to 179.12 grms. soft lead. 

The analysis of " work lead" may be similarly executed. 
10 or 15 grms. substance are sufficient for this purpose. 
When sulphur is a constituent of the lead, it is determined 
according to page 134. 



Hard Lead. 

In analyzing this substance the determination of the an- 
timony is most frequently required. The following method 
may therefore be used : Reduce the lead to a fine state, 
and fuse 2 grms. of it, in a porcelain crucible, with four 
times its quantity of a mixture of sulphur and soda. The 
fused mass is boiled with water, and when the residue has 
subsided the supernatant liquid is poured into a fiask of 
250 C. C. capacity. After digesting the residue with so- 
dium or potassium sulphide, bring this liquid into the 
same receptacle and dilute up to the mark. 100 C. C. of 
the sodium sulphide solution passed through a weighed 
filter are precipitated with dilute sulphuric acid, and after 
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washing and drying the precipitate it is freed from the 
excess of sulphur by pouring carbon disulphide over it. 
The antimony sulphide is dissolved in strong hydrochloric 
acid with addition of tartaric acid, and sodium hydro- 
carbonate mixed with it. Add starch-paste to the solu- 
tion, and titrate it with an iodine solution. For the rest, 
see page 179. 

The metals occurring in Hard Lead, which are not 
dissolved when the fused mass is treated as directed, are 
determined according to already known methods. Or, 
another portion of the substance may be dissolved in 
nitric acid, and the analysis executed similarly to that of 
Soft Lead. 

Antimony.* 

The investigation of metallic antimony may be made 
according to the method employed in the above analysis 
of Hard Lead. After fusion with soda and sulphur, and 
treating the fused mass with water, the residue will con- 
sist of the sulphides of lead, cadmium, copper, bismuth, 
iron, nickel, manganese and zinc, whilst in the solution 
are antimony, tin and arsenic. These latter substances 
may be separated as directed in the method described on 
page 66. 

Estimate the sulphur after page 134. Use a mixture 
of hydrochloric and tartaric acids to effect the decomposi- 
tion. 

Zino (Spelter). 

It contains between 0.5 and 2 per cent, lead; also iron, 
cadmium, arsenic, and sometimes antimony, manganese, 
copper, tin and sulphur. 

* The antimony in antimony slags is estimated as directed in 
the analysis of Hard Lead* 
18 
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A piece of zinc, weighing from 50 to 100 grms., is sus- 
pended by a platinum wire, in a rather large beaker, filled 
to one fourth its volume with dilute sulphuric acid, so that 
the piece of zinc will be immersed about one-half in the 
liquid. After dissolving a sufficient quantity of the metal, 
filter the liquid rapidly through a folded filter, afterwards 
washing it. By this means a solution of pure zinc sul- 
phate may be obtained; because, as long as zinc is 
present, none of the other metals will be dissolved in sul- 
phuric acid. The impurities will be partly deposited 
upon the zinc, or remain upon the filter. The insoluble 
zinc is freed from the spongy deposit, rinsed with water, 
dried and weighed. The portion of zinc in solution is 
represented by the difference in the weight. 

Digest the spongy deposit and the residue, upon the 
filter, with nitric acid, and evaporate to dryness. Treat 
the residue with dilute nitric acid, when any tin that may 
be present will remain undissolved as oxide, together with 
antimonic oxide, silica and carbon. The filtered precipi- 
tate is washed well, and after the incineration of the 
filter, fused in a silver crucible, with sodium hydrate. 
Antimony and tin are separated as directed on page 65. 
It is always best, when silica and carbon are present, to 
determine them in a separate portion of the substance, 
dissolved in nitric acid. The liquid is evaporated to dry- 
ness, and the residue warmed with dilute hydrochloric 
acid, leaving undissolved the carbon and silicic acid. De- 
termine the carbon by burning it in a current of oxygen 
gas, and weigh the residual silicic acid in the porcelain 
boat. The purity of the silicic acid thus obtained must 
always be tested. 

Treat the filtrate from the oxide of tin with hydrogen 
sulphide, heating it at the same time to about 70° C, and 
digest the sulphides with potassium sulphide. 
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The arsenic and antimony should always be determined 
in a separate portion of the substance (see below), because, 
in dissolving the metal, they partially escape as hydrogen 
compounds. 

The sulphides not soluble in potassium sulphidi are 
dissolved in nitric acid, and this solution evaporated to 
dryness, with addition of dilute sulphuric acid. The resi- 
due is taken up with water and alcohol, and the lead sul- 
phate washed with dilute alcohol (p. 49). 

Expel the alcohol first from the filtrate from the lead 
sulphate, then add ammonium and ammonium carbonate, 
and after protracted heating, filter ofi^ the cadmium car- 
bonate. The latter is again dissolved in hydrochloric 
acid, and the precipitation repeated. The ignited precipi- 
tate is cadmium oxide (p. 64). 

Precipitate the copper with hydrogen sulphide, after 
having acidulated the liquid with hydrocliloric acid. 

To the filtrate from the copper sulphide, add ammonium 
and ammonium sulphide, separating the sulphides pro- 
duced as in the analysis of Soft Lead. 

For the determination of the antimony and arsenic, dis- 
solve 25 to 50 grms. of zinc in aqua regia, evaporating 
the excess of acid, and precipitating the metals as sul- 
phides. The process described on page 165 may be used 
in their separation. When tin is present, it will occur 
with these, and the method of separation described on 
page 66 must then be employed. 

If the zinc, when treated with sulphuric acid, liberates 
hydrogen sulphide, ascertained by conducting the gas 
stream into an alkaline solution of lead, the sulphur may 
be determined as in Ultramarine. 
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Black or Ra^w Copper. 

Composition. — Copper, iron, lead, silver, arsenic, anti- 
mony, bismuth, zinc, nickel, cobalt, calcium, magnesium 
and sulphur. 

Dissolve about 10 grms. of the substance in dilute nitric 
acid, and evaporate the solution to dryness, with addition 
of dilute sulphuric acid. Upon the residue pour sufficient 
water to dissolve the copper sulphate, then add alcohol. 
When too much of the latter is present, crystals of copper 
sulphate separate out and are with difficulty redissolved. 
It is, therefore, advisable to wash the insoluble lead sul- 
phate at first with water containing sulphuric acid, and 
use alcohol after almost all the sulphate has passed into 
the filtrate. Supersaturate the latter with hydrogen sul- 
phide, whilst the temperature of it is retained at about 
70° C. Tlie ai*senic and antimony are dissolved when 
the sulphides are digested with potassium or sodium sul- 
phide, and may be separated by already known methods 
(p. 165). 

Dissolve the sulphides insoluble in potassium sulphide 
in nitric acid, and evaporate the solution to dryness. 
Treat the residue with water and a few drops of hydro- 
chloric acid, which will dissolve the copper and bismuth 
and leave the silver chloride. 

To determine the silver quantitatively, use the solution 
of a larger quantity of cppper, and proceed as given on 
page 203. 

In the filtrate from the silver chloride, precipitate the 
bismuth as oxy chloride (p. 58). 

The quantity of copper is found by difference. To de- 
termine it directly, reduce the filtrate to a definite volume, 
and precipitate an aliquot part with hydrogen sulphide. 
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Neutralize the filtrate with ammonium hydrate, and add 
ammonium sulphide to effect the precipitation of the zinc, 
nickel, etc. Separate them as heretofore. 

The calcium and magnesium are in the ammonium 
sulphide filtrate, and for its further treatment to separate 
the metals see page 74. 

The sulphur may be estimated by precipitating the 
nitric acid solution of the substance with barium chloride, 
or, what is decidedly preferable, according to the method 
given on page 134. In the latter instance, fuming hydro- 
chloric acid is used to dissolve the copper. 



Refined Copper. 

Composition, — Contains, besides the constituents of 
the preceding example (however in smaller quantities), 
cuprous oxide and crystallized nickelous oxide. 

For the determination of the coarse copper constituents, 
refer to the preceding example. Estimate the cuprous 
oxide by igniting a weighed portion of the copper in a 
stream of hydrogen gas, causing by this means a reduction 
to metallic copper. The cuprous oxide may be easily de- 
termined from the loss in weight. This method, however, 
is only applicable when the metal does not contain any 
sulphur, arsenic, or antimony. When free from the latter 
two, and containing sulphur, the method may still be em- 
ployed, if the substance is weighed off in a porcelain boat 
and the latter placed in a tube of similar material. Con- 
nect the one end of the tube with an hydrogen generator, 
and the other with an absorption apparatus containing 
bromine dissolved in hydrochloric acid (p. 134). After 
the decomposition is complete, estimate the sulphuric 
acid, and the quantity of sulphur corresponding to this 
is deducted from the loss in weight. 

18* 
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Another method, that of Aubel, is based upon the fact 
that, upon the one hand, cuprous oxide and sulphuric 
acid yield copper and copper sulphate, while copper and 
silver sulphate replace each other to silver and copper 
sulphate : — 

Cu,0 + H,SO, = Cu + CuSO, + Bfi. 
Cu + Ag,SO, = CuSO, + Ag,. 

216 parts of separated silver, therefore, correspond to 142 
parts cuprous oxide. 

According to Aubel, 0.5 grm. finely filed copper is 
mixed with 2.6 grms. silver sulphate and 15 C. C. sul- 
phuric acid of 1.13 sp. gr. added. The whole is allowed 
to stand eight hours in a warm place, and frequently 
stirred. When the decomposition is complete, wash the 
metallic silver, ignite and weigh. 

Tin. 

The most common impurities are copper, lead, bismuth, 
iron, zinc, arsenic and antimony. 

After oxidizing the metal with dilute nitric acid, and 
evaporating the excess of the latter, all the tin will remain 
as oxide. This, however, invariably contains weighable 
quantities of the other metals, particularly copper, lead 
and antimony. By fusing the washed residue with sul- 
phur and soda (p. 54), and lixiviating with water, the 
first two metals remain as sulphides. The tin and anti- 
mony are in solution. These are reprecipitated as sul- 
phides upon the addition of hydrochloric acid to the solu- 
tion ; they are separated according to page 54. 

The sulphides not soluble in sodium sulphide are dis- 
solved in nitric acid and added to the principal solution. 

The course of analysis follows from the preceding exam- 
ples. 
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Bismuth. 

Composition. — Lead, silver, copper, arsenic, iron, co- 
balt, nickel and sulphur. 

A rather large quantity of the metal is dissolved in di- 
lute nitric acid, the excess of the latter evaporated, and 
the small quantity of silver present precipitated by hydro- 
chloric acid. Add enough of the latter so that upon sub- 
sequent dilution with water, bismuth oxychloride will not 
be precipitated. 

In the filtrate determine the bismuth as on page 58. 

The filtrate contains the remaining bases, which are 
separated according to known methods. 



Silver. 

This generally contains traces of gold, lead, copper, an- 
timony and arsenic. 

To determine the quantity of gold present, dissolve 25 
to 50 grms..of the substance in dilute nitric acid, free 
from chlorine, and proceed as given in the analysis of 
Galenite on page 187. 



Cubical Nickel. 

Composition, — Copper, arsenic, antimony, iron, cobalt, 
sulphur (carbon) and silicic acid. 

For the method of analysis, refer to Nickel Matte, on 
page 164. 
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Cast Iron. 

Steel. 

In making a complete analysis of the same, we have to 
consider: iron, manganese, copper, zinc, cobalt, nickel, 
chromium, aluminum, titanium, antimony, arsenic, cal- 
cium, magnesium, silica, phosphorus, sulphur, carbon, 
the latter partly chemically united and partly present as 
graphite. 

JEstimation of Iron^ Manganese^ Aluminum^ Zinc, Co- 
balt, Nickel, Chromium, Titanium, Calcium, Magnesium 

and Silicon About 10 grms. of iron dust or borings are 

placed in a large platinum or a good porcelain dish, dis- 
solved in hydrochloric acid, and the solution evaporated 
to dryness upon a water-bath. Moisten the residue with 
hydrochloric acid, add water and filter off the insoluble 
portion. The residue contains, 'besides the silica, the 
graphite present in the iron, iron phosphate, iron titanite, 
chromic and carburetted iron. Dry the precipitate, ignite 
it, together with the filter, in a porcelain crucible, and 
fuse it with an equal weight of a Inixture of equal parts 
soda and saltpetre.^ 

Remove the residue from the crucible with water,t dis- 
solve it in hydrochloric acid, and separate the silicic acid 
by evaporating the liquid to dryness. (See p. 143.) Dis- 
solve the residue in dilute hydrochloric acid, filter off the 
silica, and add the filtrate to the principal solution, this 

' ' " — * » 

* Iron samples, which do not contain any graphite (Spiegel- 
eisen), and when dissolved leave a very slightly colored residue, 
may be fused with potassium hydrosulphate. 

f If the fused mass is treated directly with hydrochloric acid 
in the platinum crucible, there can (as potassium nitrite is 
generally present in the residue) considerable quantities of 
platinum chloride be dissolved. 
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being then reduced to a definite volume (about 500 C. C). 
Examine the silica for titanic acid (p. 125). 

The hydrochloric acid solution not only contains the 
metals, but also the silicic and titanic acid that remain. 
The estimation of the latter may be united with that of 
aluminum and chromium. For this purpose an aliquot 
portion (about 200 C. C.) of the solution is oxidized with 
nitric acid or potassium chlorate and precipitated with 
ammonium hydrate (best in a platinum or porcelain dish). 
Heat the liquid until the odor of ammonia is only faintly 
perceptible. Filter off the precipitate (containing ferric 
oxide, alumina, chromium, silicic, phosphoric and titanic 
acids), and fuse it in a platinum crucible with potassium 
hydrosulphate. Lixiviate the fused mass with cold water, 
filtering off the silicic acid, and separating the titanic acid 
according to the meth<5d described on page 125. 

To separate the ferric oxide from aluminum and 
chromium, mix the filtrate from the titanic acid with suf- 
ficient tartaric acid, so that, upon the addition of ammo- 
nium hydrate to alkaline reaction to the solution, no pre- 
cipitate is produced ; then throw down the iron in a closed 
flask with ammonium sulphide. The iron sulphide is not 
filtered until the supernatant liquid appears of a pure yel- 
low color. The filtrate contains the aluminum, chromium 
and any phosphoric acid that may be present. Evaporate 
this to dryness, adding sodium carbonate and potassium 
chlorate, and ignite the residue to oxidize the carbon, 
with addition of ammonium sulphate or nitrate. (See p. 
156.) Dissolve the residue in hydrochloric acid, and add 
sodium carbonate to precipitate the oxides of aluminum 
and chromium (together with phosphoric acid). By add- 
ing enough bromine water to the liquid, and warming, 
chromic acid will pass into solution, and may be deter- 
mined as barium chromate according to the method given 
on page 89. 
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The aluminum precipitate contains the phosphoric acid. 
Wash well with hot water, ignite and weigh. Dissolve 
the residue in nitric acid, precipitating the phosphoric 
acid with ammonium molybdate (p. 25), and deducting 
its amount from the first precipitate. 

To determine the manganese and zinc, oxidize an aliquot 
portion of the hydrochloric acid solution (about 250 C.C.) 
with nitric acid or potassium chlorate, and separate the 
ferric oxide and aluminum from manganese and zinc, after 
previous addition of an excess of aluminum chloride, by 
means of ammonium hydrate and carbonate (p. 72).* 

As the solution contains a large quantity of iron com- 
pared with manganese, its precipitation must occur in an 
exceedingly dilute liquid, and the maximum quantity of 
ferric oxide in one litre of the liquid should not exceed 
3.5 grms. The precipitate of ferrifc hydrate is washed by 
decantation with hot water, a small quantity of ammonium 
hydrate being finally added. The filtrate is concentrated 
by evaporation, and the slight quantity of aluminum (fer- 
ric oxide) that has been dissolved precipitated by ammo- 
nium hydrate. The filtered precipitate is again dissolved 
in hydrochloric acid, and the precipitation with ammonium 
hydrate repeated. Put the filtrate into a flask that can 
be closed, mix with it yellow ammonium sulphide (see p. 
73 — ^remark) in slight excess, and permit the whole to 
stand until the precipitate thus formed has fully subsided, 
when it is filtered. Wash the precipitate perfectly with 
water containing hydrogen sulphide, to which a little am- 
monium chloride has been added; rinse it then into a 

* If sodium carbonate and acetate and ammonium acetate 
(p. 73) are employed for the separation of iron and manganese, 
the ferric acetate will invariably contain weighable quantities of 
manganese, especially, as in the present case, when large quan- 
tities of iron are present with manganese. 
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porcelain dish, and pour acetic acid upon it. Nearly all 
the manganese sulphide will be dissolved; a portion of 
it, however, will remain with the zinc, cobalt, nickel and 
copper* sulphides. Filter the acetic acid solution, wash 
the residue and suspend it in hydrogen sulphide water 
containing hydrochloric acid, whereby the remainder of 
the manganese and the zinc will be dissolved. The 
nickel, cobalt and copper sulphides will be insoluble. Ex- 
pel the hydrogen sulphide from the hydrochloric acid so- 
lution of the zinc and manganese, and separate these by 
boiling the solution with potassium hydrate. Add the 
slight precipitate of manganous hydrate thus produced to 
the acetic acid solution of the sulphide. Precipitate the 
manganese from its solution either in the form of sulphide 
or carbonate (p. 21). 

After acidifying the alkaline filtrate with acetic acid, 
precipitate the zinc with hydrogen sulphide, and determine 
it as sulphide. 

The sulphides of nickel, cobalt and copper, that were 
insoluble in hydrochloric acid, may be dissolved in a mix- 
ture of hydrochloric and nitric acid. Evaporate the 
nitric acid and precipitate the copper with hydrogen sul- 
phide. After getting rid of the hydrogen sulphide in the 
filtrate, throw down the nickel and cobalt with potassium 
hydrate. These metals occur in such slight quantities 
that it appears perfectly useless to separate them. This 
may be done according to the method given on page 104. 

The quantity of iron in cast iron is usually calculated 
by difference. For its direct determination a portion <^ 
the hydrochloric acid solution may be titrated either with 
potassium permanganate (p. 75), or stannous chloride 
(p. 80). In employing the first method, it is advisable 

* The copper is estimated in another sample of the iron. 
(Seep. 217.) 



' 
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to boil the dilute solution for some time, because it has 
absorbed hydrocarbons, which may readily decompose the 
permanganate, and then evaporate it to dryness with sul- 
phuric acid. It is, of course, understood, that the solu- 
tion, before titration with permanganate, is reduced by 
zinc. 

The alkaline earths are present in the filtrate from the 
ammonium sulphide precipitate. Acidify the solution 
with hydrochloric acid, evaporate it to dryness, expel the 
ammoniacal salts by ignition, and separate the calcium 
and magnesium in the solution of the residue, according 
to the method given on page 32. 

Separate Determination of the Manganese, 

Very frequently in the analysis of cast iron the estima- 
tion of the manganese alone is required, and then an ex- 
ceedingly short course may be pursued. The method of 
procedure is very plain, if we remember the previously 
described separation of iron and manganese. When the 
silicic acid has been removed, add hydrogen sulphide to 
the filtrate. Boil the filtrate from the copper sulphide to 
expel the excess of hydrogen sulphide, oxidize the iron 
with nitric acid or potassium chlorate, and precipitate it 
as previously directed. Concentrate the filtrate and get 
rid of the aluminum by a second precipitation with am- 
monium hydrate, and then add ammonium sulphide. 
Genei-ally the quantities of cobalt, nickel, and zinc present 
are so small that the obtained manganese sulphide can 
be directly weighed. When the contrary is the case, 
suspend the precipitate in water strongly acidified with 
hydrochloric acid, and saturate with hydrogen sulphide 
water (p. 104). The manganese is reprecipitated as sul- 
phide in the filtrate from the cobalt and nickel sulphides. 
The ignited precipitate must be examined for zinc. 
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For such an examination use 2-3 grms. of iron. 

If we use sodium acetate instead of ammonium carbon- 
ate for the separation of iron from manganese, the latter 
may be precipitated as the hydrate of the binoxide, by 
means of bromine, and then determined as protosesqui- 
oxide (p. 137). 

The separation of iron from manganese by precipitation 
with sodium acetate, as already intimated (p. 214), is not 
as accurate as with ammonium carbonate, because a por- 
tion of the manganese remains behind with the iron ace- 
tate. Therefore, when great accuracy is desired, the pre- 
cipitate, after being imperfectly washed, is redissolved in 
hydrochloric acid, and the precipitation repeated. 

Determination of Copper, Arsenic and Antimony. 

(^Phosphorus,) 

Dissolve about 10 grms. cast iron in aqua regia, in a 
large flask, and when there is no longer any visible action, 
evaporate the whole to dryness upon a water-bath, and 
heat the residue with dilute hydrochloric acid. The por- 
tion insoluble in aqua regia is fused with soda and salt- 
petre, and the aqueous solution of the fused mass added 
to the hydrochloric acid solution. After the reduction of 
ferric chloride and airsenic acid to ferrous chloride and 
arsenious acid, with sulphurous acid or potassium hypo- 
sulphite, the liquid is saturated with hydrogen sulphide 
gas, and the sulphides obtained filtered off. Digest the 
precipitate with potassium sulphide ; the arsenic and anti- 
mony will be dissolved. They may be reprecipitated and 
determined according to page 165. The copper sulphide 
that remains insoluble is washed with water containing 
hydrogen sulphide, ignited in a stream of hydrogen, and 
weighed (p. 50). 
19 



218 CAST IRON. 

When, in a complete analysis, copper, arsenic, etc., 
have been determined, the filtrate from the hydrogen sul- 
phide precipitate maj serve for the estimation of the 
phosphoric acid ; otherwise, a shorter course, described 
below, maj be chosen. The expulsion of the hydrogen 
sulphide gas may be hastened by conducting carbon dioxide 
througli the heated liquid, which is then mixed with fer- 
ric chloride sufficient to unite with all the phosphoric acid, 
the solution neutralized with sodium carbonate and solid 
barium carbonate then added. The precipitation should be 
performed in a flask that may be closed, and this allowed 
to stand until the supernatant liquid has become color- 
less. Filter off the precipitate, consisting of iron phos- 
phate and hydrate, barium carbonate, etc., and dissolve it 
in the smallest quantity of hydrochloric acid possible, and 
after the removal of the barium with dilute sulphuric acid, 
precipitate the phosphoric acid in the filtrate with ammo- 
nium molybdate. (See p. 25.) 

Sulphur Determination. 

Performed exactly as described on page 134. 

By the action of the bromine upon the hydrocarbons 
liberated when the iron is dissolved, reddish-yellow oil- 
drops of propylene bromide,* etc. are produced. These 
disappear upon the subsequent boiling of the liquid. 

Fresenius, in his sulphur determinations, conducts the 
hydrogen sulphide and hydrocarbons, formed by the action 
of hydrochloric acid upon the substance, into an alkaline 
lead solution, and uses for this purpose the apparatus pic- 
tured in Fig. 17. 

In K is introduced the weighed quantity of iron, and 

* Cloez, Berichte der deutschdn chem. Gesellschaft, vii. 823. 
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water poured over it. A contains the hydrochloric acid 
Eerving for the solution of the iron. B and C cpntain a 
solution of lead oxide in potassium hydrate. Draw the 
tube b out of the liquid, open the pinch-cock at e, and fill 



the entire apparatus with hydrogen gas purified by mer- 
curic chloride- and soda lime. This done, push the tube 
6 into the liquid and open the pinch-cock again at c, 
which will cause a quantity of acid in A to flow over into 
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K ; then close the pinch-cock at d, and hasten the solution 
of the iron by the application of heat. When there is not 
a sufficient quantity of acid present, open the pinch-cocks 
again at c and d^ and proceed as heretofore. When the 
solution is complete, remove the tube b from the liquid, 
and allow a current of hydrogen gas to stream through 
the apparatus, the solution in K at the same time being 
brought to ebullition. 

The lead sulphide in B and C is filtered, and the dried 
precipitate fused with soda and saltpetre. The aqueous 
solution of the residue contains the sulphuric acid. To 
remove the small quantities of lead that have been dis- 
solved, pass a stream of carbon dioxide through it, acidify 
tlie filtrate with hydrochloric acid, and evaporate to dry- 
ness. In the aqueous solution of the residue, acidulated 
with hydrochloric acid, precipitate the sulphuric acid with 
barium chloride. 

As it is very possible, in cases of difficultly soluble iron, 
that the liquid in B will be acid from the acid mechani- 
cally carried over, and that there will be a partial solution 
of the lead sulphide, Fresenius suggests that a horizontal 
cooler be connected with the flask K. 

Gintl recommends the following method for the deter- 
mination of sulphur in cast iron. The pulverized iron is 
mixed with twenty times its quantity of a rather concen- 
trated and almost neutral solution of ferric chloride, then 
digested from eight to ten hours at a temperature ranging 
from 25° to 30° C. Almost all the iron is dissolved as 
ferrous chloride, whilst the residue consists of undecom- 
posed iron, graphite, and iron phosphate, with all the sul- 
phur. Filter the residue, wash, and fuse it in a silver 
crucible with a mixture of three parts saltpetre and one 
part alkaline hydrate. After acidifying the aqueous 
extract with hydrochloric acid, estimate the sulphuric 
acid as heretofore. 
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Phosphorus Determination. 

About five grms. of the cast iron are digested in a pla- 
tinum dish with nitric acid of specific gravity 1.2, and 
then evaporated to dryness on a water-bath to cause the 
separation of the silicic acid. Dissolve the residue in 
nitric acid, filter the insoluble portion, and precipitate the 
filtrate with ammonium molybdate. The portion insolu- 
ble in nitric acid usually contains phosphorus ; therefore 
incinerate the filter in a platinum crucible, and fuse with 
an equal weight of soda and saltpetre. The aqueous ex- 
tract of the fused mass, after filtering, is evaporated with 
hydrochloric acid, and the silica filtered off*. Add the 
aqueous solution to the first in nitric acid. 

Gintl follows the same course in estimating phosphorus 
that he proposes for sulphur. After the separation of the 
silicic acid from the aqueous extract of the fused mass, 
the residue is dissolved in water, with addition of some 
nitric acid, and the phosphoric acid determined in the 
filtrate from the silicic acid. 

Carbon Determination, 

By burning the finely pulverized iron in a stream of 
oxygen the carbon is converted into carbon dioxide, and 
directly determined. For this purpose mix 4—5 grms. of 
iron in a rather spacious porcelain or platinum boat, with 
coarse cupric oxide ; place this in a porcelain tube, and 
lay the latter in a combustion oven O (Fig. 18), serving 
for the analysis of organic compounds. The ends of the 
tube should extend beyond the oven. Connect the one 
end with the gasometer G, containing oxygen, the other 
with the tubes a, 6, c, rf, e. The oxygen, before entering 
the tube, passes through the vessels f^ g^ h, and i, of 

19* 
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which f contains concentrated potassium hydrate, g 
pumice stone moistened with concentrated sulphuric acid, 
A potassium hydrate in solid form, and % calcium chloride. 
The small U-shaped tuhe a is filled with small pieces of 
glass, moistened with about twenty drops of a saturated 
solution of chromic acid. The latter serves, upon the one 
hand, to decompose the sulphurous acid produced, and, 
upon the other, to enable the operator to observe the 
course of the analysis ; h contains calcium chloride ; c and 
d are five-sixths filled with soda-lime, and one-sixth with 
calcium chloride. (See p. 35,) These absorb the carbon 
dioxide, and are weighed before the analysis.* 

To prevent carbon dioxide or water from entering the 
front portion of the tube, it is provided with the tube f, 
one limb of which, pointed towards the apparatus, is filled 
with potassium hydrate, the other with calcium chloride 
(p. 35). 

When the various parts of the apparatus have been con- 
nected, the porcelain tube from ^ to / is warmed gently, 
and a stream of oxygen gas allowed to pass slowly through 
it. When the tube is once warm, the heat may be 
rapidly increased to an intense glow. When the iron 
glows, all the oxygen will be required for its oxidation, 
and during this time scarcely any gas-bubbles will be 
noticed in the tube a. When the oxidation is complete, 
the combustion of the carbon to dioxide will begin, and 
a regular stream of gas passes through the liquid in a. 
Ignition for a quarter of an hour will complete the com- 
bustion. 

* When the carbon dioxide, mixed with air or oxygen, is 
to be absorbed, soda-lime is preferable to potassium hydrate, 
because it may readily happen, when the oxygen is in prepon- 
derance, a portion of the carbon dioxide will not be absorbed. 
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The increase in weight of the tubes c and d will indi- 
cate the amount of carbon dioxide produced, and from 
this the quantity of carbon may be very readily calculated. 

As already above mentioned, when employing this 
method the iron should be in a very fine condition. To 
obtain it in this form is a matter of no very little difficulty 
with certain varieties of iron. When the latter is the 
case the iron is dissolved in some suitable manner, and 
the carbon in the residue determined. Of the various 
methods recommended for this purpose, I will describe but 
three, which are convenient and reliable. 

First Method Weyl found, that, if iron was dissolved 

in an electrolytic manner in hydrochloric acid, and when 
it served as the positive electrode, an amount of hydrogen 
equivalent to that of the iron would separate out at 
the negative pole. Suppose, that only a weak current 
was used in this decomposition, the iron would exist in 
solution in the ferrous state, whilst if the opposite were 
the case ferric chloride would be produced, and carbon 
would be separated at the negative pole. 

Over the other two methods this one possesses one great 
advantage, viz., that entire pieces of iron may be used for 
solution. 

A Bunsen " element" serves for the decomposition. A 
weighed piece of iron is attached with the aid of a plati- 
num wire or a pincette to the wire of the positive pole 
and these immersed in a glass jar filled with dilute hydro- 
chloric acid (Fig. 19). The jar, closed at the lower end 
with a bladder, is placed in a beaker-glass containing 
the same acid. Care must be taken to have the liquid in 
the glass jar and that surrounding it of the same level and 
not to allow the platinum point or wire to dip into the 
acid, because the current will be interrupted by the car- 
bon separated out between the iron and platinum point. 
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A piece of pliitinum foil will answer splendidly as negative 
eleclrode, and may be attached just us the iron to the wire 
of the negative pole and dipped at the same moment with 
it inl« the hydrochloric acid. Solution commences im- 
mediately, and by bringing the electrodes near each other 

Fig. 19. 



em, the current may be so regulated that 
the iron will be dissolved only as ferrous chloride. The 
formation of ferric chloride is easily perceived by the yel- 
low-colored threads dropping from the iron, and then the 
stream must be diminished, to obviate any loss of carbon. 
When, after the expiration of a few hours, a sufficient 
quantity of iron has been dissolved, remove the carbon 
adhering to the piece of iron, and after drying reweigh it. 
Collect the carbon upon a funnel loosely closed with 
ignited asbestos, and, after washing and drying, mix it 
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with cupric oxide and burn in a stream of oxygen, just as 
above directed. 

Second Method, — By suspending coarsely divided iron 
in a neutral solution of cupric chloride, the iron will be 
dissolved as ferrous chloride and the carbon remain be- 
hind. (Berzelius.) UUgren has substituted copper sul- 
phate for cupric chloride. Dissolve from 4 to 5 grms. of 
cast iron in a solution of 20 grms. copper sulphate in 
100 C. C. water; at the same time heat the liquid gently 
and stir. When the decomposition is complete, pour off 
the clean solution, and transfer the residue, 
Fig. 20. consisting of carbon, copper, etc., to a funnel 
stopped with asbestos. Berzelius used an ap- 
paratus of the form shown in the adjoining 
cut (Fig. 20). Below at the contracted part 
it is filled in with loosely placed asbestos. By 
constructing such a tube of difficultly fusible 
glass, the carbon may be immediately mixed 
with cupric oxide and the latter placed in a 
porcelain tube. The combustion is per- 
formed as heretofore. 

Third Method, — To effect the solution of the iron 
Wohler uses iodine ; suspending the first in water and 
adding iodine gradually (for 5 grms. iron about the same 
amount of iodine). When the decomposition is complete, 
the residue is filtered through asbestos and burned in an 
oxygen stream. 

Recently bromine has in many instances replaced iodine 
for this purpose. This is, however, less adapted to effect 
solution, the results obtained, generally being too low, and 
the reason for this may be readily explained by the for- 
mation of propylene bromide. (See p. 218.) 
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Graphite Determination, 

Carbon, as is known, exists in iron partly chemically 
united with it and partly as graphite. The latter remains 
insoluble, when the iron is dissolved in hydrochloric or 
sulphuric acid, whilst the chemically combined carbon 
escapes in the form of hydrocarbons. To determine the 
quantity of graphite, dissolve a weighed quantity (3—5 
grms.) in dilute hydrochloric acid, filtering the residue 
through an asbestos filter, and washing it, first with hot 
water, then successively with dilute potassium hydrate, 
alcohol and ether. The graphite is burned in a current 
of hydrogen. The difference will represent the combined 
carbon, if the graphite be deducted from the entire quan- 
tity of carbon determined in a separate portion. 

Fresenius has given a method for the direct determina- 
tion of the chemically combined carbon in the presence of 
graphite. It consists in converting into carbon dioxide, 
the hydrocarbons liberated when iron is dissolved in dilute 
sulphuric acid. It is implied, in this determination, that, 
when iron is treated with sulphuric acid, all the chemically 
united carbon will be volatilized in the form of hydro- 
carbons, and no compounds of carbon will remain with 
the graphite. Before employing the method be satisfied 
that the residue remaining after treating the iron with 
dilute sulphuric acid and washing with hot water contains 
no hydrocarbons soluble in potassium hydrate, alcohol or 
ether. This is readily noticed because in using potassium 
hydrate it will be colored brown, and if alcohol or ether 
have been employed it would be noticed by the residue of 
organic matter remaining after these solutions have been 
evaporated to dryness. 

The apparatus of Fresenius (somewhat modified) con- 
sists of the following parts (Fig. 21) : — 
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K is a small flask of about 150 C. C. capacity, having 
a doubly perforated cork admitting the tubes a c and eg; 
a c is connected with the vertical cooler h. The funnel 
tube c A is severed at g, and may be either united with 
the funnel h or with the tube i containing soda-lime. The 
combustion tube d is attached at c. It is about 30 cen- 
timeters long and at the end directed towards c, half-filled 
with asbestos that has been well ignited. Behind the 

Fig. 21. 




asbestos follows a layer of well-ignited, coarse-grained 
cupric oxide and finally an asbestos stopple. To catch 
the water and carbon dioxide, the end of the tube opposite 
c is joined with a calcium chloride tube, this with a 
weighed tube containing soda-lime and finally with one 
containing soda-lime and calcium chloride. This last tube 
serves solely to prevent the entrance, from without, of 
steam and carbon dioxide into the weighed soda-lime 
tube (p. 35). 

The portion of the combustion tube d containing the 
cupric oxide is heated until it glows, and the weighed 
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portion of iron, 1-1.5 grms., introduced in the flask K ; h 
connected with g, and a suflicient quantity of dilute sul- 
phuric acid (1 part sulphuric acid and 5 parts water) allowed 
to pass into K, and the funnel replaced by the tube t. 

The extreme outer tube, containing both calcium 
chloride and soda-lime, is connected with • an aspirator, 
and a constant current of air drawn through the apparatus, 
the solution of the iron in K being at the same time has- 
tened by the application of heat. By contact with the 
glowing cupric oxide the disengaged hydrocarbons are 
completely oxidized to carbon dioxide and water. When 
perfect solution has been effected, the portion of the tube 
containing the asbestos is strongly ignited to volatilize or 
burn the hydrocarbons that have condensed there. The 
apparatus is then allowed to cool, and from the increased 
weight of the weighed soda-lime tube the quantity of com- 
bined carbon is calculated. 

Oxidation of the Carbon by means of Chromic Acid. 

Instead of burning in a stream of oxygen the residue 
remaining after dissolving the iron, it may be readily 
converted into Carbon dioxide by warming with chromic 
acid (UUgren). This method may be employed when 
there is no combustion oven at hand. The construction 
of the somewhat modified apparatus is indicated in Fig. 22. 

The carbon remaining after dissolving the iron in copper 
sulphate, iodine, etc., is placed in a flask K, which is 
closed at g during the operation with a glass rod. Pour 
in about 40 C. C. of concentrated sulphuric acid, andafter 
cooling add 8 grms. crystallized chromic acid. The car- 
bon dioxide first passes the vertical condenser h (serving 
to condense the steam), then the jar a, containing pieces 
20 
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of pumice-stone saturated with sulphuric acid, and the 
calcium chloride flask b) c and d are the soda-lime tubes 
intendud for the absorptioa of the carbon dioxide ; e a 



protecting tube filled with soda-li 
cium chloride. 



■ Ullgren cmploya pumice stone filled with potassium hy- 
drate for the absorption of the carbon dioxide. The substance 
is prepared by dissolving 1 part potassium hydrate in 3—4 parts 
water, and adding, while constantly applying heat, small pieces 
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The contents of the flask are heated until there is a 
violent liberation of gas, arid the temperature gradually 
increased until white vapors are visible in the cooler K. 
The heating is continued as long as gas liberation is per- 
ceptible, the lamp then removed, / connected with an 
aspirator and some air drawn out. The glass rod at g is 
replaced by a potassium hydrate tube, after pushing the 
glass tube, bent at right angles, into the liquid. Air is 
drawn through the apparatus for some time, and the tubes 
c and d finally reweighed. 

Colorimetrical Determination of the Combined Carbon, 

Eggertz has proposed a method for the determination 
of the combined carbon in cast iron and steel, which is 
based upon the fact that iron dissolved in nitric acid gives 
the solution a color more or less brown, in proportion to 
the amount of combined carbon present. For the purpose 
of comparison a solution of iron with a known amount of 
carbon will answer. The concentration is so arranged 
that every cubic centimetre contains as much carbon as 
will correspond to 0.1 per cent, carbon in iron. As these 
solutions lose their color very readily, Eggertz substitutes 
for them a solution of caramel in dilute alcohol, or an ex- 
tract of burnt coffee in alcohol and water. These have 
the same color (see below). 0.1 grm. iron is now dis- 
solved in a test-tube in 1.5-5 C. C. nitric acid of sp. gr. 
1.2, and when solution is effected heated to about 80° C. 
on the water-bath. If the solution is complete, the cool, 
clear liquid is poured into a graduated tube, and the in- 
soluble residue again treated with nitric acid until there is 

of pumice-stone, and finally evaporating the mixture almost to 
dryness. The pumice-stone, saturated with potash while yet 
hot, is introduced into the tubes. 
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no longer any liberation of gas. The solutions are united 
and diluted with water until the color is the same as that 
with which they are to be compared. 

Britton has modified the Eggertz method in the following 
manner : A weighed portion of the finely divided iron 
(when there is present 0.3 per cent, carbon, take 1 grm. 
substance, and when the percentage is higher take less — 
not more than 0.5 grm. substance) is heated in a test-tube 
with 10 C. C. nitric acid, free from chlorine — sp. gr. 1.2 
— and after standing 10 to 15 minutes the clear solution 
is decanted and the residue again digested with 5 C. C. of 
nitric acid of the same strength until the iron is com- 
pletely decomposed. The solutions are filtered through a 
dry filter and poured together in a reagent tube 1 2 Cm. 
long and 1.5 Cm. wide. For a comparison of the tints of 
color take 15 test-tubes of similar dimensions as the one 
above, and introduce into them different extracts of 
roasted coffee, w^ater and alcohol, so that the tint in color 
of the first tube will correspond to that of 1 grm. of iron 
containing 0.02 per cent, of chemically combined carbon 
and dissolved in 15 C. C. of nitric acid, that of the second 
to a solution containing 0.04 per cent, carbon, that of the 
third to a solution containing 0.06 per cent, carbon, and 
the color tint of the 15th tube is equivalent to 0.3 per cent, 
of chemically combined carbon. These tubes are hermet- 
ically sealed and so arranged in a rack that between each 
two is sufiicient room to stand the tube containing the 
solution to be tested. 

According to Britton's experiments we can accurately 
estimate with this method the amount of carbon in iron to 
within 0.01 per cent. 
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Determination of the Nitrogen. 

1. Determination of the nitrogen which is converted 
into ammonia when the iron is dissolved in hydrochloric 
acid. 

In this determination the iron is placed in a tubulated 
retort and dissolved in hydrochloric acid, and the escaping 
gases conducted through a U-shaped tube partially filled 
with dilute hydrochloric acid. The latter operation has 
for its object the conversion of the ammonia escaping with 
the disengaged gases (hydrogen and hydrocarbons) into 
ammonium chloride. When the solution is finished pour 
the contents of the U tube back into the retort, and after 
adding sodium or potassium hydrate, subject the whole to 
distillation. (See p. 37.) 

Or, the iron (2 grms.) is decomposed with a solution of 
10 grms. copper sulphate and 6 grms. fused sodium chlo- 
ride, and when the decomposition is ended distilled with 
sodium hydrate (UUgren). 

2. Determination of the nitrogen in the residue left after 
the solution of the iron. 

According to UUgren proceed as follows : Fill the com- 
bustion-tube (V) (see Fig. 23), 30 Cm. in length, to a with 
about 12 grms. of magnesite or sodium hydrocarbonate, 
place a loose stopple of asbestos next, and introduce from 
a ioh the insoluble residue from the iron, dried at 130° C. 
and mixed with about 4 grms. of mercuric sulphate. An- 
other stopple of asbestos is placed at 6, and from ft to a the 
tube is filled with coarse pumice-stone powder, which was 
previously mixed with mercuric sulphate and water, and 
afterwards dried. Finally, the anterior portion of the 
tube, after adding another asbestos layer, is filled with 
coarse pieces of pumice-stone saturated with a concen- 
trated chromic acid or potassium chromate solution. This 

20* 
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is intended to decompose the sulphurous acid that may 
be formed. 

The combustion-tube is connected by d with a gradu- 
ated tube M filled with mercury, and inverted in a mercury 
bath. The entire capacity of M is about 90 C. C. ; the tube 
% A, divided into -^^ C. C, holds about 20 C. C, the bulb- 
portion about 40 C. C, and the lower extremity e about 30 



Fig. 23. 




C. C. 35-40 C. C. of a potassium hydrate solution (1 part 
potassium hydrate in 2 parts water) are now Introduced into 
M by means of a bent pipette, and then 15 C. C. of con- 
centrated tannic acid added, so that the mercury will stand 
about/. The air contained in the apparatus is expelled by 
heating the portion of the tube containing the magnesite, 
at the same time conducting the gas evolved into M. The 
portion a 6 is heated gently at first, while 5 c is in the 
mean time brought to a glow. When this point has been 
reached, the part a ft is rapidly brought to a red heat, and 
held in this condition until the column of liquid in M no 
longer sinks. The final traces of nitrogen contained in 
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the combustion tube are expelled by reigniting the mag- 
nesite. Remove the tube rf, and with a small porcelain 
dish filled with mercury transfer the tube M to a tall and 
wide jar containing water, which will displace the mer- 
cury, potassium hydrate and tannic acid. Close the tube 
with the thumb or a gum cork, incline it, and rinse out 
the potassium hydrate that may yet remain in the upper 
portion of the tube. After allowing the tube to remain 
15 or 20 minutes in the jar ascertain the temperature, 
note the barometer-stand, then elevate the tube with tongs 
until the liquid in M has the same niveau with that of the 
jar, and read off the volume of nitrogen. 

Representing the volume of nitrogen read off by V, and 
the volume of the same at 0° C. and 760 Mm. barometric 
pressure by V, and the barometer in millimetres by B, 
the temperature of the water according to Celsius by t, 
and the tension of the steam in millimetres hyf, depend- 
ent upon the observed temperature, we have 

y,_V(B-/)273 

760(273 + 0' 



Well, Spring and River Water. 

According as these waters are used for domestic or prac- 
tical purposes the analysis extends itself merely to the 
estimation of certain constituents. In the examination 
of a drinkable water the estimation of the iron, calcium, 
magnesium, alkalies, sulphuric, hydrochloric, nitric and 
nitrous acids (carbon dioxide), ammonia, organic sub- 
stances, and the quantity of solid material usually come 
into consideration, whilst in the analysis of water for in- 
dustrial purposes the determination of the alkaline earths 
(of the total and permanent hardness), ferrous oxide, sul- 
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phuric and hydrochloric acids, and the entire amount of 
substances is of interest.'*^ 

Determination of the Amount of the Solid Constituents^ of 
the Ferrous Oxide, Calcium Oxide^ Magnesia and Alkalies. 
— 500 or 1000 C. C. water (still larger quantities when 
spring and river water are taken) are evaporated upon a 
water-bath in a weighed platinum dish. The residue is 
dried at 120° to 125° C, either in an oil or air-bath 
until constant weight is obtained. Pour water over the 
dried mass, adding hydrochloric acid to effect the com- 
plete solution. The dish is covered with a large watch- 
glass. Heat until bubbles of carbon dioxide no longer 
escape from the liquid, remove the cover, and again evapo- 
rate to dryness. By subsequent treatment of the residue 
with dilute hydrochloric acid, any silicic acid present will 
remain insoluble, and can be filtered, washed, dried and 
weighed. 

For the precipitation of the ferric oxide the filtrate is 
mixed with ammonium hydrate to alkaline reaction, the 
precipitate filtered off and dissolved after being imper- 
fectly washed, and the precipitation repeated. This second 
precipitation is absolutely necessary, because, especially in 
waters containing much calcium, the carbonate of the lat- 
ter is invariably thrown down together with the ferric 
oxide. 

The precipitate produced by ammonium hydrate con- 
tains not only silicic acid, but also aluminum and phos- 
phoric acid. The quantitative determination of these latter 
constituents is in the present instance not necessary, while, 
upon the other hand, under many circumstances (especially 
w^hen the water is employed for certain technical purposes) 

* For the determination of all the constituents, see Analysis 
of Mineral Water. 
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the determination of the iron in this precipitate is very 
important. Dissolve the precipitate, therefore, in sul- 
phuric acid and determine the iron volumetrically after 
reducing it to the ferric state (p. 75). It is necessary 
that a very dilute solution of potassium permanganate be 
employed for estimating such small quantities of iron. A 
solution in which 1 C. C. corresponds to 0.001 grm. iron 
may be used. In well waters, containing large quantities 
of iron, the latter may be directly determined by adding 
potassium permanganate to the freshly-drawn water, acidi- 
fied with sulphuric acid. In this instance it must also be 
ascertained how much permanganate would be required to 
color red a volume of distilled water equal to that em- 
ployed, and this quantity subsequently deducted. The 
filtrate from the ferric oxide is mixed with an excess of 
ammonium oxalate or oxalic acid, the calcium oxalate fil- 
tered off and determined according to page 13. 

To separate the magnesium from the alkalies, evaporate 
the filtrate to dryness in a platinum dish, and gently ignite 
the residue (p. 45). For the perfect separation of the 
magnesia, the filtrate is again evaporated, and the ignition 
repeated with addition of ammonium oxalate or oxalic 
acid. 

The alkalies are determined by evaporating their solu- 
tion to dryness with sulphuric acid upon a water-bath. 
By ignition the sulphuric acid and the ammonium salts 
are expelled. Finally (to convert the hydrosulphates into 
neutral sulphates) pieces of ammonium carbonate are 
added (p. 46). The sulphates are then weighed. To esti- 
mate the amount of potassium in the presence of sodium, 
proceed according to page 47 (Remark). 

In the examination of water for technical purposes, cer- 
tain inferences are drawn from the quantitative determi- 
nations of the calcium and magnesium oxides, and we 
then merely ascertain how much soap solution of known 
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strength will be required for the decomposition of a meas- 
ured quantity of water, or, as it is usually expressed, what 
hardness the water under consideration possesses. 

If water, containing salts of the alkaline earths in solu- 
tion, be mixed with a soap solution, these will separate as 
insoluble compounds of the fatty acids, and the acids pre- 
viously combined with the alkaline earths, now united 
with alkali, will pass into solution. As soon as this re- 
placement is complete, a lather is produced on shaking 
the solution, if the slightest excess of soap is present. 
This indicates the final reaction. 

The units (amount) of calcium oxide (CaO) contained 
in 100,000 parts of water are termed the degree of hard^ 
ness. Water, therefore, indicating 15 degrees of hard- 
ness, contains in 100,000 parts 15 parts of calcium oxide 
(or its substitute, magnesia), united with sulphuric, nitric, 
and hydrochloric acids or with carbon dioxide. 

As is known, by boiling the water the greater portion 
of the carbonates (by the decomposition of the hydrocar- 
bonate) will be precipitated, whilst the sulphates and 
chlorides will remain in solution. Therefore we speak of 
a total hardness, which is represented by the entire quan- 
tity of alkaline earths present, and of a remaining (per- 
manent) hardness, which is indicated by the earths, 
which continue in solution after boiling. The difference 
between the two is the temporary hardness, which would 
approximately represent the amount of carbonateis (hydro- 
carbonates) in the water. 

Determination of the Total Hardness, Clark* s Method, — 
As a normal liquid a soap solution will answer in which 
45 C. C. will correspond to 12 Mgrms. calcium oxide dis- 
solved in 100 C. C. HjO. The soap suitable for this pur- 
pose is made by rubbing together 150 parts lead plaster 
with 40 parts of potassium carbonate. The mass is ex- 
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tracted with alcohol, filtered, the filtrate evaporated to 
dryness on the water-bath, and the residue dissolved in 
alcohol. For every 2 parts of the soap, take 100 parts of 
dilute alcohol (56° Tr.). 

A solution of barium chloride will serve for the- stan- 
dardization of this soap solution. Dissolve 0.523 grm. of 
dry barium chloride in water, and dilute to 1 litre ; then 
transfer 100 C. C. of this solution to a glass vessel pro- 
vided with a cork, and having a capacity of 200 C. C, 
and allow the soap solution to pass in from the burette, until 
upon shaking the liquid there remains a permanent lather. 
The soap solution is then diluted with so much alcohol, 
that the production of a lather in 100 C. C. of the barium 
chloride will require 45 C. C. of the former. Then 45 
C. C. will correspond to 12 milligrammes of calcium ox- 
ide in 100 C. C. of water. 

For the estimation of the entire hardness of the water, 
proceed as in the standardization ; pipette 100 C. C. of the 
above water into the glass provided with a cork, and add 
the soap solution gradually until the final reaction occurs. 
If the water under examination indicates more than 12 
degrees of hardness, the end reaction is uncertain, and 
the titration must be performed in a more dilute solution. 
In this case take only 10 C. C. of the water, mixing with 
it distilled water to 100 C. C, and proceed as before. 

Determination of the Permanent Hardness, — 400 to 500 
C. C. water are boiled for at least one half hour, and the 
evaporating steam continually replaced by distilled water. 
After cooling, the carbonates of the alkaline earths are 
filtered oiF, and the filtrate brought to the same volume as 
the originally employed liquid (400 to 500 C. C). Take 
100 C. C. to estimate the earths that may yet remain in 
solution, proceeding as previously directed. If we employ 
for the examination 100 C. C. of water, the- tables of Faisst 
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and Knauss given in the appendix afford a direct reading 
of the degree of hardness from the number of C. C. of the 
soap solution which has been used. 

If, when determining the degree of hardness, we obtain 
a number not given in the table, take the number most 
nearly approaching it, and multiply the difference between 
the two by the fractions of a degree of hardness, which 
represent the difference of 1 C. C. of the soap solution. 
The product obtained is either subtracted from the degrees 
of hardness opposite the number taken in the table or 
added to it, according as the found C. C. of soap solution 
are deducted froln those marked in the table, or the latter 
from the number of C. C. found by experiment. For 
example: 36 C. C. of soap solution have been used in 
one experiment; then the difference between 36 and 
36.7 = 0.7, which must be multiplied by 0.294 ; the 
product is 0.2058. In this instance we must deduct 
0.2058 from 9.5, and obtain in consequence as the degree 
of hardness 9.2942. Or, 100 C. C. of water require 44 
C. C. of soap solution, then 44 — 43.4 = 0.6, to be mul- 
tiplied by 0.31, and the obtained number then added to 
11.5. The water corresponds, therefore, to 11.5 -|- 0.186 
= 11.686 degrees of hardness. 

Determination of the Hydrochloric Acid, — It may be 
estimated either gravimetrically as silver chloride (p. 17) 
or volume trically with silver nitrate, using potassium chro- 
mate as an indicator (p. 43). The amount of water used 
will depend upon the quantity of chlorides present. When 
very small quantities of the latter exist, it is necessary, 
particularly in the gravimetric determination, to previously 
concentrate the solution by evaporation. 

Determination of the Sulphuric Acid, — Take 500 to 
1000 C. C. water, depending upon the quantity of sul- 
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phatcs that may be present. Acidify the water with 
hydrochloric acid, and determine the sulphuric acid as 
barium sulphate. When upon testing qualitatively only 
a faint reaction for sulphuric acid has been obtained, the 
solution acidified with hydrochloric acid is concentrated 
before precipita.tion. 

Where a comparison of different spring waters is de- 
sirable and great accuracy is not required, the sulphuric 
acid can be much niore readily determined volumetrically. 
Take as a normal solution one containing 12.2 grms. 
barium chloride dissolved in 1 litre of water. A solution 
of potassium chromate of equal strength is also made. 
This is prepared by dissolving 7.365 grms. dry potas- 
sium bichromate in 100 C. C. of water. To this solu- 
tion is added sufficient ammonium to convert the potas- 
sium bichromate into ammonium-potassium bichromate — 
the color of the liquid changing from red to yellow. 
Finally dilute to 1 litre. 1 C. C. of the barium cliloride 
solution will correspond to 1 C. C. of potassium chromate. 
To carry out the method, first remove the carbonates of 
the alkaline earths by the continued boiling of the solution, 
replacing the escaping steam with distilled water, filter 
and precipitate the boiling solution with an excess of the 
normal barium chloride solution. 10 C. C. usually suffice 
for this purpose. The excess of barium chloride is titrated 
by potassium chromate. Pass the latter from a burette 
until the liquid over the precipitate appears slightly yel- 
low. Tiemann* suggests that this slight necessary excess 
of potassium chromate be determined colorimetrically. 
The liquid is brought to a definite volume, about 150 C. 
C. (Tiemann effects the precipitation in a glass vessel 
provided with a mark), and 100 C. C. of the liquid, fil- 
tered through a dry filter, is transferred to a narrow jar of 

* Berichte der deutschen chem. Gesellschaft, 1873, p. 920. 
21 



en\m\ir»i glaiw. Now, tu 101) C. C. of water placed in 
olxrther cylinder of nimilar dimensions as ibe first, add 
the nnrmol chromale solution drop bj drop, nntil the color 
tint agrees with liiat in the first tnbe. The amonni of 
fiolMwiuni chromate UHed which is e(|niva]ent to the excess 
of it taken in the first cylinder, is deducted from the en- 
tire ni:mber of 0. C. taken for the titration of barinm 
chloride. 

Delermimlton of the Nilrii: Acid. TiemaniCi Modifi- 
eatiim of Sehidze'$ Method,* — The method is based upon 
the decomposition of a nitrate by hydrochloric acid and 
ferrous chloride, and the measurement of the nitrogen oside 
gas evolved : — 
CFeCl, + CHCl + 2I1K0, = 3Fe,C!,+ 4H,0 -|- 2NO. 

Fig. 24. 



The apparatus sliown in Fig. 24 is used for this jjur- 
posc. K is a small flnsk containing about 150 C. C, 



* ijvu Ucriuhte dcr dcut. chem. Gcsellseliafl, 1ST3, p. 1 
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closed by a doubly perforated gum cork, one perforation 
of which contains c g, and the other the tube d, At*b 
and e, both tubes are joined by means of closely fitting 
gum tubing to the tubes a and e A, and may be closed 
with pinchcocks. The bent end of the tube e h, to prevent 
its being broken, is covered with a piece of gum tubing. 
The tube c g about 2 Cm. below the cork (at g) is drawn 
out to a rather fine point, while the other tube is cut off 
immediately below tlie cork. A is a glass dish containing 
10 per cent, sodium hydrate, B a narrow tube divided 
into -^j^ C. C. and filled with sodium hydrate that was pre- 
viously boiled. 

100-300 C. C. of water are now concentrated in a 
porcelain dish to about 50 C. C, and the liquid together 
with the precipitate of the alkaline earths then rinsed into 
the flask K and boiled, and toward the close of the opera- 
tion the tube c A is dipped into sodium hydrate, and the 
steam allowed to escape through it. If the air has been 
completely expelled from the apparatus, by pressing with 
the fingers upon the gum tube at e, the sodium hydrate 
will rapidly pass back in the tube e A, and this will be 
noticed by a gentle tap upon the finger pressed upon the 
gum connection. The pinchcock at e is closed and the 
boiling continued (the steam escapes through g a) until 
the residual liquid amounts to about 10 C. C. Remove 
the lamp, close the tube with a pinchcock at h and fill the 
limb a h with water. Notice whether air bubbles form at 
5, and remove them by pressing with the fingers upon 
the tube. The graduated tube B is now placed over the 
bent portion of the tube e A, so that the latter extends 2 
to 3 Cm. into B. If a vacuum has formed in the flask K 
it will be noticed by the compression of the tubes at e and 
5, and then pour an almost saturated solution of 20 C. C. 
of ferrous chloride into a small beaker glass, dip the tube 
a h into it and let the liquid enter the flask through the 
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openiDg at b. Through the same opening smaU quantities 
dr concentrated hydrochloric acid are twice introduced 
and the pinchcock again closed. The flask is now gentlj 
heated until the tubes are somewhat distended at e and b 
hj the pressure upon them, when the pinchcock is removed 
and the tube held shut with two fingers, until the pressure 
is sufficiently great to carry the nitric oxide into B. When 
the gas liberation diminishes, the flask is more strongly 
heated and this continued until the column of liquid in 
B no longer alters its niveau. At last nothing more than 
vapors of }iydrochloric acid pass over and these are ab- 
sorbed so violently by the sodium hydrate as to create a 
noise, similar to that noticed in the chlorine distillation 
according to Bunsen's method. The tube e A is now re- 
moved, and B is transferred by aid of a porcelain dish 
flUed with concentrated sodium hydrate to a large glass 
cylinder containing water. (See p. 235.) By multiply- 
ing the C. C. of nitric oxide, calculated from the formula 
(p. 235), by 2.413, we obtain the corresponding number 
of milligrams of nitric acid (N^O^). By dividing this 
product by the number of C. C. of water used in the ex- 
periment, we obtain the quantity of nitric acid in 100,000 
parts water. 

This method is also applicable when the water has even 
large quantities of organic matter in solution. Care must 
be exercised that the water employed contains at least 3 
milligrams of nitric acid. A rather large and measured 
quantity should be previously evaporated. 

Determination of the Nitrous Acid, Trommsdorf's 
Method. — If the solution of a nitrite is mixed with potas- 
sium iodide, a starch solution and dilute sulphuric acid, 
there is produced the blue color of starch iodide,* which 

* N,0, + 2HI = 21 + HjO -I- 2N0. 
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is more or less intense according to the amount of nitix)us 
acid present. 

If different but measured quantities of a solution of 
potassium nitrite of known strength be added to equal 
volumes of distilled water, the conditions being the same, 
the iodine reaction can be induced by the addition of 
potassium iodide, starch and dilute sulphuric acid, and 
the quantity of nitrous a(;id in the water estimated by a 
comparison of the color tints. 

As the starch solution of potassium iodide remains stable 
but for a short period, a starch solution of zinc iodide has 
frequently been made to replace it. The latter is put in 
closed vessels and kept in a dark apartment, where it will 
remain unaltered for quite a while. 

Besides the starch solution of zinc iodide, there is re- 
quired to carry out this method a solution of potassium 
nitrite of known strength. 

To prepare the first, rub in a mortar 5 grms. of starch, 
together with a little water, and add the milky liquid to a 
boiling solution of 26 grms. of zinc chloride in 100 C. C. 
of water. Continue boiling the solution in a closed vessel 
until all the starch has been dissolved. 2 grms. of zinc 
iodide are now added, and the whole diluted to 1 litre, 
and filtered. Before making use of this solution, be satis- 
fied that the addition of dilute sulphuric acid, after the 
previous dilution with water, causes no blue coloration. 

The potassium nitrite solution is prepared by precipi- 
tating a concentrated solution of potassium nitrite with 
silver nitrate, and then filtering off the silver nitrite. The 
latter is washed, dissolved in the least possible amount of 
boiling water, and purified by recrystallization. 0.406 
grm. of crystals dried between blotting paper are dis- 
solved in hot water, and sodium or potassium chloride 
added until there 'is no longer a precipitate of silver 
chloride produced. The cold liquid without filtering off 

21* 
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the silver chloride is diluted to 1 litre. When the pre- 
cipitate has fully subsided, pipette out 100 C. C. of the 
clear solution, and dilute it with water to 1 litre. 

1 C. C. of this liquid contains 0.01 milligram of nitrous 
acid. 

To ascertain the amount of nitrous acid in a water, 
pour 100 C. C. of the latter into a narrow glass cylinder, 
the dimensions of which have been so chosen that the 
above volume will occupy a column of 18 or 20 Cm., and 
add 3 C. C. of a zinc iodide starch solution and 1 C. C. of 
dilute sulphuric acid (1 : 3). If the iodine reaction oc- 
curs immediately or after a short time, the experiment 
must be repeated with a smaller quantity of water (10 to 
50 C. C), diluting the latter to 100 C. C. with distilled 
water, so that the blue coloration only becomes visible af- 
ter some time. 2 to 4 cylinders of the same dimensions 
as those above are now filled with 100 C. C. water and 3 
C. C. of a starch solution of zinc iodide, and 1 C. C. of 
dilute sulphuric acid added. The color tints of the four 
cylinders are contrasted with that of the water under ex- 
amination. This is most satisfactorily done by placing 
successively the four cylinders side by side with the one 
under consideration, using a piece of paper as a backgroyind, 
and looking down from above through the liquid column. 
By this means we may succeed in ascertaining the exact 
or approximate quantity of nitrous acid in the water ex- 
amined, if its color tint agrees with that of either one of 
the four cylinders. When only approximate results have 
been reached, the experiment must be repeated with other 
and varying quantities of potassium nitrite, until the color 
tint obtained corresponds perfectly with that of the water 
being examined. It is only when the quantity of nitrous 
acid in 100 C. C. of water is confined to a limit of 0.01 or 
0.04 milligram, that this method affords reliable results. 
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Method of Feldhausen-Kuhel. — The method is based 
upon the oxidation of nitrous to nitric acid bj means of 
potassium permanganate. An excess of the latter is added 
and then titrated with a solution of ferrous ammonium 
sulphate. This method of determination is to be particu- 
larly recommended when the quantity of nitrous acid in 
100 C. C. exceeds one milligram. The results, however, 
are not accurate when 100 C. C. of the water contain less 
than 0.1 to 0.2 milligram of nitrous acid (Tiemann). 

For the decomposition of the nitrous acid, y^^ normal 
permanganate solution is taken. This is prepared by 
dissolving 0.34 to 0.36 grm. potassium permanganate in 
1 litre of water. For a ferrous solution employ a liquid 
containing 3.92 grms. dry ferrous ammonium sulphate dis- 
solved in 1 litre of water. The permanganate solution is 
so standardized that 1 C. C. of the same corresponds to 1 
C. C. of the iron solution, and therefore to 0.19 milligram 
of nitrous acid. The procedure is precisely analogous to 
that described in the standardization of the permanganate 
solution (p. 75). 100 C. C. of the water are mixed with 
an excess of the above permanganate solution; 5 to 20 
C. C. are usually required, according to the amount of 
nitrous acid present. 5 C. C. of dilute (1:3) sulphuric 
acid are then added, and the solution treated with ferrous 
ammonium sulphate until it becomes perfectly colorless. 
When an excess of the iron solution has been- added, pass 
in permanganate from a burette until a slight coloration 
is perceptible. 

To avoid the decomposition of any organic matter con- 
tained in the water by the permanganate, the maximum 
temperature of the solution should not exceed 25° C. A 
temperature of at least 15° C. is necessary for the conver- 
sion of nitrous into nitric acid. 

Determination of the Ammonia, Method of Frankland 
and Armstrong, — The method is founded upon the de- 
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portment of ammonia and its compounds with potassium 
mercuric iodide. The quantity of the ammonia is deter- 
mined colorimetrically, u e,, by the greater or less colora- 
tion occasioned bj the addition of potassium mercuric 
iodide to water. It is, of course, presumed that all bases 
precipitated by a normal alkaline solution (iron, calcium 
and magnesium) have been removed from the water, 
which is very easily done by the previous addition of some 
sodium carbonate and hydrate (1 part sodium hydrate 
free from ammonia and 2 parts water). 

For a comparison of the obtained color tints a solu- 
tion of 3.147 grms. dried ammonium chloride in 1 litre of 
water will answer. Dilute 60 C. C. of this solution with 
1 litre of water ; 1 C. C. of the latter will then correspond 
to 0.05 milligram ammonia. 

To prepare potassium mercuric iodide (Nessler's Solu- 
tion) dissolve 50 grms. of potassium iodide in 50 C. C. of 
hot water, and add a hot concentrated solution of mer- 
curic chloride (20 to 25 grms.) until a permanent red 
precipitate of mercuric iodide is produced. Mix the fil- 
trate with 300 C. C. of potassium hydrate (1 part of po- 
tassium hydrate in 2 parts water), and dilute with water 
to 1 litre. 

The ammonia is estimated by pouring 300 C. C. of the 
water being examined into a glass cylinder, adding 2 C. C. 
of sodium carbonate and 1 C. C. of sodium hydrate (of the 
above concentration), and shaking up well. When the 
precipitate of the carbonates of the alkaline earths has 
subsided, transfer 100 C. C. of the clear liquid to a tall 
and narrow glass cylinder (see Nitrous Acid Determina- 
tion), and pour into it 1 C. C. of the potassium mercuric 
iodide solution. In case a dark reddish-yellow or red 
color is produced, the ammonia percentage is too large ; 
therefore a smaller volume of the liquid (5 to 50 C. C), 
precipitated by sodium carbonate, must be diluted with 
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distilled water to 100 C. C, so that the addition of the 
reagent to tha liquid causes nothing more than a bright- 
yellow coloration. As for the rest, proceed as directed 
in the Nitrous Acid Determination : 100 C. C. of distilled 
water are mixed with 0.2 to 2 C. C. of the ammonium 
chloride solution, and 1 C. C. of potassium mercuric 
iodide, then compare the obtained colors. (See p. 246.) 

The method only affords an accurate estimation of the 
ammonia, when the quantity of the latter extends from 
0.005 to 0.1 milligram in 100 C. C. of water (Tiemann). 
When there is a large percentage of ammonia a correspond- 
ing amount of distilled water must be previously added. 

For another method of determining ammonia, see 
Analysis of Mineral Water. 

Determination of the Organic Substances.^ Method 
of Kuhel. — Is based upon the oxidation of the organic 
substances in acid solution by potassium permanganate. 
The excess of permanganate added is titrated with oxalic 
acid : — 

2KMnO^ + 5C,H,0, -f- 3H,S0, = K,SO, + MnSO,-|- 

10CO,+ 8H,O. 

* A former method for the estimation of the organic sub- 
stances, and one which may, even at the present time, be in use, 
consisted in evaporating the liquid to dryness, drying the resi- 
due at 120^ to 140^ C, and then igniting the same to volatilize 
the organic substances, which were estimated by the difference 
in weight. As the carbonates of the alkaline earths lose carbon 
dioxide upon being strongly ignited, the residue was moistened 
with ammonium carbonate, and dried at 120^ to 140^ C, until 
constant weight was obtained. It is verj' evident that by the 
ignition of the residue not only the organic substances were ex- 
pelled, but also the ammonia compounds, nitrates, etc. A por- 
tion of the calcium carbonate would be decomposed by the 
silicic acid, and the magnesium chloride would break up into 
magnesia and hydrochloric acid, etc. 
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Take a solution containing 0.32 to 0.34: grm. crystal- 
lized permanganate dissolved in 1 litre of water. This is 
standardized with a -j-J^ normal oxalic acid solution, having 
0.63 grm. pure crystallized oxalic acid dissolved in 1 litre 
of water. In the standardization of the solution the con- 
ditions observed in the actual analysis must be followed. 
Proceed as follows : — 

100 C.C. of distilled water together with 5 C. C. of di- 
lute sulphuric acid are brought and boiled in a large flask 
of about 300 C. C. capacity. Run in 3 to 4 C. C. of the 
permanganate solution from a burette, and continue the 
boiling for five minutes, then reduce the permanganate, 
after removing the lamp under the flask, with 10 C. C. of 
a yi^ normal oxalic acid solution. Titrate the excess of 
oxalic acid with permanganate, i. e,, to the colorless, warm 
liquid add enough permanganate to cause a permanent red 
color. 

In calculating the analysis it must be remembered that 
the 10 C. C. of oxalic acid, which were added, contain 6.3 
grms. crystallized oxalic acid (CgH^O^ -|- 2H2O), and these 
correspond to 3.16 milligrams of potassium permanganate, 
or 8 milligrams (necessary for the oxidation of oxalic acid 
to carbon dioxide) oxygen. 

When determining the organic substances in water pro- 
ceed just as in the standardization of a solution. Take 100 
C. C. of the water. It is of course understood that after 
the addition of 3 to 4 C. C. of permanganate the boiling will 
cause the disappearance of the red coloration, and there- 
fore permanganate must be added until this no longer 
occurs. 

The excess of permanganate, which was more than 
necessary for the oxidation of 10 C. C. of oxalic acid, will 
represent the quantity of permanganate decomposed by 
the organic matter in the water. 
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If X represents the number of C. C. which correspond 
to 10 C. C. of the oxalic acid, y the C. C. of permanganate 

decomposed by the organic matter, then — — -- will ex- 

, ^ , 0.8.y , , 

press the parts oi permanganate, and the parts ot 

oxygen necessary for the oxidation of the organic sub- 
stances contained in 100,000 parts of water. 

If, for example, 100 C. C. of water require 7.22 C. C. 
permanganate for the production of a permanent red, and 
if this liquid was then decolorized by 10 C. C. of the nor- 
mal oxalic acid and 3.55 C. C. permanganate then added ; 
and further, if 10 C. C. of the normal oxalic acid solution 
equal 8.5 C. C. permanganate solution, we have 
7.2 + 3.5=10.7; 10.7 — 8.$ =2.2. C. C. permanganate. 

100,000 parts of water require, therefore, for oxidation : 
2.2.3.16=0.8179 parts potassium permanganate, corre- 

8.5 sponding to : 

2.2. 0.8 ^ ^^„^ 
— -z — =0.2070 parts oxygen.* 
8.5 

If the water under examination contains nitrous acid, 

this w^ill have a decomposing effect upon the permanganate 

(p. 247), and therefore we must deduct for each part of 

nitrous acid in 100,000 parts water, 1.66 parts potassium 

permanganate. When ammonia or sulphuric acid is 

present, evaporate the water to about § of its original 

* According to Kubel and Wood, 5 parts of organic matter 
are oxidized by 1 part of potassium permanganate ; therefore, if 
the excess of permanganate given in milligrams were multiplied 
by five, it would give the amount of organic substances in 100,000 
parts of water. Tiemann recently discovered this supposition to 
be false. He found that the absolute weight of the non- volatile 
organic matter in different waters stood in a different ratio to 
the quantity of permanganate necessary for the oxidation of the 
organic matter. 
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volume, and replace the evaporated portion with distilled 
water and then titrate the solution. 

Schulz€*s Method, — This differs from the method of 
Kubel, in that the oxidation of the organic material is 
effected in an alkaline solution. After acidifying the red 
colored liquid with sulphuric acid, decolorize it again with 
oxalic acid, determining the excess of the latter with per- 
manganate. 

Proceed as heretofore, mixing the 100 C. C. of the 
water under examination with ^ C. C. sodium hydrate 
(obtained from sodium and the solution of 1 part of spdium 
hydrate in 2 parts of water), and then add, according to 
the amount of organic matter present, 10 to 15 C. C. of a 
permanganate solution. The liquid is boiled about ten 
minutes (must remain red in color), and after cooling to 
50° to 60° C, 5 C. C. of dilute sulphuric acid (1 : 3) and 
10 C. C. of the normal oxalic acid are added. The colorless 
liquid is again mixed with permanganate until the red 
color is permanent. Calculate as before. 

As regards the management of the final results, it is 
cei^tainly the best to calculate the constituents in the un- 
combined state, that is, to simply give the amounts of 
chlorine, sulphuric acid, nitric and nitrous acids, silicic 
acid, also the quantities of calcium, magnesium, potassium, 
sodium, &c. in 100,000 parts of water. 

Every combination of the acids present with the oxides 
is more or less arbitrary. In this connection I will merely 
mention that generally chlorine unites first with sodium 
(to form sodium chloride) and then with potassium. If 
any chlorine remains it may be regarded as combined 
with calcium. When there is sufficient chlorine to com- 
bine with the sodium and potassium, the remaining alka- 
lies can be regarded as sulphates. The remainder of the 
sulphuric acid is joined with calcium (CaSOJ, and the 
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rest of the calcium and magnesium calculated as carbon- 
ates. Nitric acid when present is generally joined with 
ammonia, and then with calcium. Nitrous acid is also 
combined with the ammonia. When large quantities 
of iron are present it may be regarded as combined with 
the carbon dioxide (FeCO,). The silica is recorded as 
uncombine'd. 



Mineral Water. 

1. Work at the Spring. 

The physical properties are first learned, the appear- 
ance,* smell and taste of the water noted, also the quantity 
of the latter determined which flows within a minute from 
the efflux tube, and the temperature of the water as well 
as that of the air recorded. It is also necessary to ascer- 
tain what action it gives with red and blue litmus paper, 
and whether the change of color in the paper remains upon 
drying. If spongy deposits or solid sinter are found in 
the spring or efflux pipe, samples of these are collected 
and placed in closed bottles for future investigation. 

Determination of the Hydrogen Sulphide, — When a 
portion of the water has been acidified with dilute sul- 
phuric acid and shaken up in a flask not entirely full, the 
presence of this gas is detected very readily by its odor, 
or by the decolorization of paper slightly blued with starch 
iodide. 

The quantity of the hydrogen sulphide is estimated with 
an iodine solution of known strength.* 

* Hj,S+2ls=2HI-|-S. This decomposition only occurs when 
the quantity of hydrogen sulphide does not exceed 0.04 per 
cent. When this is the case a measured quantity of the water 
is mixed with a sufficient amount of boiled distilled water. 
22 
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Use an iodine solution containing 1 grm. iodine (dis- 
solved in potassium iodide, p. 96) to the litre. Measure 
off a quantity of water, mix it with acetic acid and a dilute 
solution of freshly prepared starch, and while stirring the 
liquid pass from a burette drop by drop the iodine solution 
until the blue color of starch iodide remains permanent. 
Having in this manner ascertained how much iodine solu- 
tion is necessary for the decomposition of the hydrogen 
sulphide, it would be well to repeat the experiment in such 
a manner that almost the entire quantity of the required 
starch solution is poured in a beaker glass and mixed with 
an equal quantity of mineral water. Add to the colorless 
liquid a few drops of acetic acid and some starchy and 
allow sufficient iodine solution to enter from the burette to 
produce a blue coloration in the liquid. 

There only remains yet to learn how much iodine solu- 
tion is necessary to color in a like manner an equal volume 
of distilled water, and deduct this quantity. The sulphur 
in warm mineral springs can only be determined with an 
iodine solution after the water has become perfectly cool. 
Although the cooling can be hastened very much by sink- 
ing the flask in cold water, yet the quantity of air which 
the mineral water absorbs upon filling is sufficient to de- 
compose a certain amount of the sulphur compounds. It 
is therefore advisable to previously fill the flask to be used 
with carbon dioxide, and first remove the stopper when 
the vessel is immersed beneath the surface of the water. 

To estimate the hydrogen sulphide volumetrically, two 
portions of the water are mixed wuth a solution of silver 
chloride in sodium hyposulphite and ammonium hydrate 
added to this and the flasks then carefully closed with glass 
stoppers. The precipitate produced is subsequently filtered 
off in the laboratory and oxidized with bromine water. 
In the filtrate from the silver bromide, after expelling the 
bromine, determine the sulphuric acid as barium sulphate 
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(p. 15).* Aqiia regia may replace bromine in the oxi- 
dation of the silver sulphide. 

When large quantities of hydrogen sulphide are present 
in mineral waters, in order to render an accurate determi- 
nation of the sulphuric acid possible, we must either boil two 
portions of the water immediately at the spring, adding 
some hydrochloric acid, or if this cannot be done, precipi- 
tate the sulphur compounds in the water in closed f asks, 
with cadmium chloride. The sulphuric acid is then after- 
wards determined in the filtrate from the cadmium sul- 
phide. The precipitate formed by the cadmium chloride 
may also be used to determine the total amount of sul- 
phur combined with hydrogen or metal. Oxidize it 'with 
fuming nitric acid, and determine the sulphuric acid in 
the usual manner after evaporating the excess of nitric 
acid. 

In case hyposulphurous acid is present, it may be esti- 
mated in the filtrate from the cadmium sulphide. Two 
fresh portions of the water are mixed with a cadmium 
solution and the warmed filtrate mixed with an excess of 
a silver nitrate solution. The precipitate — silver sulphidef 
and chloride — is filtered off, and the latter dissolved in 
ammonium hydrate and the sulphide in nitric acid. After 
evaporating the excess of the latter acid, the silver in the 
solution is estimated as chloride. 1 mol. silver chloride 
corresponds to 1 mol. of hyposulphurous acid. 

Determination of the Ferrous Oxide. — A permanganate 
solution is here required which contains about 0.6 grm. 
crystallized permanganate, the strength of which has been 
previously determined, then acidify about 500 C. C. of the 

* Some springs yield a higher percentage of hydrogen sul- 
phide by this method than by titration with an iodine solution, 
t Ag,S,0, + H,0 = Ag,S -f H,SO,. 
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water with dilute sulphuric acid, and add the permanganate 
until the known reaction occurs. For this purpose the 
beaker glass is placed upon a piece of white paper, and 
the color observed by looking through the liquid from 
above. It is also necessary to know how many C. C. of 
permanganate are consumed to produce the same color 
tint in an equal quantity of distilled water, and subtract 
this amount from the number of C. C. taken for the oxida- 
tion of the ferrous oxide. 

This method is not applicable when the mineral water 
under examination contains hydrogen sulphide ; then the 
iron must be determined gravimetrically. (See below.) 

Determination of the Total Carbon Dioxide,^ — For 
this estimation take a solution of 1 part crystallized cal- 
cium chloride in 5 parts of water containing 10 parts of 
ammonium hydrate. This mixture should be prepared 
several weeks before being used, and preserved in a well- 
sealed flask. According to the quantity of carbon dioxide 
present, the measuring flask of 200-1000 C. C, filled with 
mineral water, is sunk as far as possible beneath the sur- 
face of the liquid, and the water sucked from the flask 'hj 
means of a rubber tubing ; this will enable one to fill the 
vessel with water from the lowest depths. For transporta- 
tion this is then poured into a second flask intended for 
this purpose, and which contains sufficient of the clear 
calcium chloride solution to combine with the carbon 
dioxide. Rinse out the measuring flask with small quan- 
tities of boiled distilled water. Several such flasks are 
filled in a like manner and carefully corked. This is best 
effected by using corks covered with caoutchouc, which is 
previously moistened with water (Bunsen). 

* For the determination of absorbed gases, etc., found in 
water, see Bunsen* s **Gasometrische Methoden.*' 
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Determination of the Specific Gravity. — In mineral 
waters rich in gases it is best to prepare for the specific 
gravity determination at the spring. For this purpose 
flasks of 200-400 C. C. capacity are used (Fig. 25). This 

Fig. 25. 



method of procedure was proposed by Fresenius. The 
neck of the fla.sk is drawn out into a tube 50 Mm. long 
and 5-6 Mm. wide, upon which a millimeter scale ia 
etched. The mouth is round and can be closed air-tight 
with a caoutchouc cork. To fill the fiask close it with the 
thumb, immerse it as far as possible beneath the water 
surface, and allow enough water to enter to fill it to about 
the middle of the neck. The mouth is again covered 
with the thumb, the flask removed from the spring, and 
immediately closed with the caoutchouc cork, which for 
- safety is wound arouud with a piece of cord. 

22* 
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Falling Ike Flasks. 

Wine or mineral water flasks are usually employed for 
the transportation of the water under examination to the 
laboratory. These are dipped as far below the surface 
of the liquid as possible, the water poured out, and the 
flasks refilled. The latter are corked with stoppers covered 
with caoutchouc. That portion of the cork extending be- 
yond the neck of the flask is cut off, and when dry, sealed. 

To estimate those substances existing in small quantities 
in the water, till several large flasks with the same. 

2. The Analysis. 

Determination of the Specific Gravity If preparations 

for this have already been made at the spring, the flask 
used there is placed side by side with another filled with 



distilled water, and both allowed to stand for at least 
twelve hours in a suitable room, so that the temperature 
of both liquids becomes the same. The height of the 
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liquid in the first glass is noted and its weight then ascer- 
tained. Empty it and rinse it with distilled water from 
the second flask, and then refill with the same liquid to 
the height noted before. There now remains merely the 
determination of the weight of the empty flask, for which 
purpose it is rinsed out with alcohol and ether, then dried. 

It is of course understood that the flask containing either 
mineral or distilled water is not to be put upon the balance 
until the exterior has been carefully dried with bibulous 
paper and cleaned. 

If it was not necessary to make any preparations at the 
spring for the specific gravity determination, it must be 
performed with aid of an ordinary piknometer (see Fig. 
26), using for this purpose the water from one of the 
flasks which were filled at the spring. 

Determination of the Total Carbon Dioxide, — Use for 
this purpose the precipitate produced at the well by the 
calcium chloride. If a sufficient interval has elapsed be- 
tween the precipitation at the well and the time of analy- 
sis, so that the originally amorphous precipitate has be- 
come crystalline, the filtration (through a plaited or ribbed 
filter) can occur immediately, while otherwise the flasks 
must be warmed for some time upon the water-bath. The 
corks are then loosely fitted to prevent bursting of the 
flasks through the pressure induced by heating. The pre- 
cipitate is rinsed into a small flask, and the carbon dioxide 
determined according to page 33. 

As a measured quantity of water was taken at the 
spring for the precipitation of the carbon dioxide in the 
calculation of the amount of the same in the water, the 
sp. gr. of the latter must be regarded. To find the abso- 
lute weight of the water, it is only necessary to multiply 
the employed volume expressed in C. C. by the specific 
gravity. 
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Determination of the Total Carbon Dioxide in Mineral 
Water* Supersaturated with it. — Sometimes the case oc- 
Gura that the carbon dioxide in flasks and otiier vessels 
containing the mineral water must be estimated; then not 
only the portion of carbon dioxide retained in the water 
by pressure, but also that remaining after the removal of 
this force ia determined. Employ a sharp cork borer 
closed above with a perforated caoutchouc cork for this 
purpose. (See Fig. 27.) 

Fig. 27. 



A small i-ound aperture is made at a. To better regu- 
late the flow of the liberated gas stream, the glass tube 
bent at right angles is provided at b with a thumb-screw. . 
The cork bore is pressed through the cork until the opening 
at a is below the latter. The gum tubing at b is connected 
with an aspirator (p. 34), and a slow stream of carbon 
dioxide ia allowed to escape in the apparatus by a gradual 
opening of the thumb-screw. As soon as the bubbles of 
carbon dioxide cease to ascend in the liquid, pour out the 
contents of the previously tared flask into a solution of 
calcium chloride in order to determine the carbon dioxide 
remaining in the water. Proceed then as before. 
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Determination of the Total Amount of Solid Constitu- 
ents, — A flask is filled at the spring and tared, its content^ 
then poured into a platinum dish, and evaporated on a 
water-bath. Water rich in gas must be heated carefully, 
and it is advisable after each " fiUing-in" to cover the dish 
with a watch glass, until bubbles of carbon dioxide no 
longer escape. 

The empty flask is rinsed out several times with dis- 
tilled water and then reweighed. The residue in the 
platinum dish after the evaporation of the liquid is dried 
in an oil bath, until the weight is constant. 

By converting the weighed salts into sulphates (by treat- 
ment with dilute sulphuric acid and igniting with ammo- 
nium carbonate, p. 37), and taking the weight, this will 
serve as a control for the analysis. This must, of course, 
agree with the weight which is obtained when the found 
constituents (potassium, sodium, calcium, etc., iron ex- 
cepted) are calculated as sulphates, deducting, however, 
the ferric oxide, silicic and phosphoric acids. 

Determination of the Sulphuric Acid. — According to 
the quantity of sulphates present (ascertained previously 
by qualitative testing), the contents of one or several 
flasks are employed. In the latter instance the water is 
concentrated, with addition of hydrochloric acid, previous 
to the precipitation with barium chloride. For the esti- 
mation of the sulphuric acid in mineral waters containing 
hydrogen sulphide, see page 2»^5. 

Determination of the Chlorine, — Proceed as directed 
on page 240. Bunsen suggests, instead of converting the 
silver produced by the incineration of the filter into chlo- 
ride, that the filter be reduced upon a weighed platinum 
wire, and the increase in weight of the latter ascertained. 

When bromine and iodine are present in mineral water, 
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they will be precipitated together with the chlorine, and 
must subsequently be deducted from it. 

Determination of Bromine^ Iodine^ Fluorine and Boron 
(Boracic Acid). — As these elements occur usually in very 
minute quantities, and as a larger amount of water must 
be evaporated for their determination, the estimation ot 
each can be satisfactorily made in the same portion of 
water. The contents of a large Hask filled at the spring 
are evaporated, care being taken that the water, by suc- 
cessive additions of sodium carbonate, continually shows 
a slightly alkaline reaction. This, however, is not neces- 
sary when the water belongs to the class of alkaline min- 
eral waters. The residue is repeatedly digested with 
larger quantities of distilled water, and the insoluble por- 
tion transferred to a filter. The latter contains, besides 
the alkaline earths and magnesia, ferric oxide, manganese 
oxide, silicic acid, etc., and all the iluorine as calcium fluo- 
ride. Treat this residue with dilute hydrochloric acid to 
dissolve the carbonates of the alkaline earths, and also the 
oxides, iron, manganese, etc. Fuse the insoluble portion 
(sulphates of the alkaline earths, calcium fiuoride and sili- 
cic acid) in a platinum crucible with sodium carbonate. 
The aqueous extract contains, together with sodium sili- 
cate, all the fluorine as sodium fluoride, whilst the alkaline 
earths remain as insoluble carbonates. For the separation 
of the silicic acid, and the determination of the fluorine as 
calcium fluoride, proceed as given upon page 116. 

The aqueous solution obtained by digesting the residue 
left after evaporation (the filtrate from the carbonates and 
sulphates of the alkaline earths) is employed in the deter- 
mination of the boracic acid, iodine and bromine, and di- 
vided into three weighed portions. To estimate the boracic 
acid, one portion is acidified with hydrochloric acid, 
then about 1 grm. magnesium chloride and some ammo- 
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nium chloride added, and the whole supersaturated with 
ammonium carbonate. The liquid is evaporated to dry- 
ness in a platinum dish, and ammonium hydrate added 
from time to time during the evaporation, so that the 
solution continually yields an alkaline reaction ; finally 
ignite the residue, consisting of boracic acid, magnesium 
chloride and magnesia. This is now repeatedly lixiviated 
with hot water, and the filtrate (to obtain the last traces 
of boracic acid) again brought to dryness, after adding 
magnesium chloride, and ammonium chloride and hydrate. 
The residue as thus obtained, after repeated extraction 
with water, is transferred, together with the first — also 
well washed — residue, to a platinum crucible, evaporated 
several times with small quantities of water, and finally 
ignited and weighed. A small portion of the substance is 
now tested qualitatively for boracic acid. When the lat- 
ter is present, divide the residue into two parts, dissolving 
the one — larger portion — in cold nitric acid, and precipi- 
tating the chlorine as silver chloride, while the second 
portion is dissolved in hydrochloric acid, and the magne- 
sium estimated as magnesium pyrophosphate (p. 16). 
(Bunsen.) 

If A represents the weight of the mixture, consisting 
of boracic acid, magnesium chloride, and magnesia, B the 
weight of the obtained silver chloride, C the weight of the 
obtained Mg^P^O^, and x the required amount of boracic 
acid, then : 

_A ^^— Q TJ 2MgO 

""- Agcr ^-w^; ^• 

or a: = A_0.19142 B— 0.36037 C. 

To determine ' the iodine in the second portion of the 
aqueous solution, different methods may be pursued. 
When the quantity of iodine is to any degree large, it is 
precipitated as palladious iodide (Pdl,). Acidify the 
liquid slightly with hydrochloric acid, and add palladious 
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chloride or nitrate until the precipitation is complete. The 
palladious iodide, after standing 48 hours, is transferred to 
a weighed filter dried at 80° C, washed with warm water 
and dried again at 80° C. until the weight becomes con- 
stant. The precipitate is ignited in a porcelain crucible, 
and the quantity of iodine calculated from the residual 
palladium. When only small quantities of iodine are 
present, the following methods are preferable. Acidify 
the liquid slightly with hydrochloric acid, and separate 
out the iodin^ by means of a few drops of a solution of 
hyponitric acid in sulphuric acid, or with fuming sulphuric 
acid, and shake the liquid with carbon disulphide for some 
time in a closed vessel. When the iodine has been fully 
dissolved, pour off the supernatant liquid, wash out the 
carbon disulphide solution and rinse it into a small glass 
provided with a cork. A very dilute solution of sodium 
hyposulphite is allowed to pass in drop by drop, and 
stirred well after each addition, until the violet coloration 
of the liquid first disappears. The strength of the sodium 
hyposulphite is similarly determined, by shaking a few 
C. C. of an iodine solution of known strength (about yj^ 
normal solution) with carbon disulphide, and this then 
decolorized with sodium hyposulphite. Bunsen uses chlo- 
rine water of known strength for the separation and simul- 
taneous determination of the iodine. For the estimation 
of minute quantities of iodine, the chlorine water saturated 
at the ordinary temperature is diluted to 20 times its 
bulk with water, and for larger quantities with double its 
volume of water. The strength of this solution is so 
determined that a measured portion of it (of the dilute 
chlorine water 100 to 150 C. C, and of the concentrated 
about 40 C. C.) is passed into potassium iodide, and the 
iodine that separates estimated with sodium hyposulphite 
(p. 96). 

Acidify the liquid with hydrochloric acid and mix in 
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enough chloroform so that upon shaking (in a closed tube) 
some C. C. of it remain undissolved, and then add chlo- 
rine drop by drop, shaking the liquid violently after each 
addition. This is continued until the violet color in the 
chloroform just disappears, or the yellow coloration pro- 
duced by the separation of bromine just appears. 

By employing palladium nitrate for the precipitation ot 
the iodine as palladious iodide, the filtrate may be used for 
determining the bromine; it is, however, necessary to 
remove previously almost all the chlorine. Mix the liquid 
with sodium carbonate to alkaline reaction, evaporate to 
almost perfect dryness upon a water-bath, and repeatedly 
extract the residue with warm absolute alcohol. The 
alcoholic solution contains the entire quantity of bromine 
(combined with the potassium or sodium), together with 
small quantities of alkaline chlorides. Expel the alcohol 
by heating, and add a few drops of sodium hydrate. Now 
acidify with nitric acid and precipitate the bromine and 
chlorine by the addition of silver nitrate. The amount of 
bromine can be readily ascertained by the loss in weight 
which occurs when tlie weighed precipitate is heated in a 
bulb-tube, and a stream of chlorine gas is passed over it, 
until there is no longer a diminution in weight, and all the 
bromine replaced by chlorine. 

We can estimate the bromine in the same liquid if the 
iodine has been before separated by pure hyponitric acid 
and sulphuric acid, without the addition of nitric acid. 
The bromine will then be contained in the liquid poured 
from off the carbon disulphide. Its determination in the 
presence of chlorine has already been mentioned. 

Bunsen also makes use of titrated chlorine water for its 
determination. A third portion of the solution (see above) 
almost neutralized with sodium carbonate, and boiling in 
a porcelain dish, is evaporated to incipient crystallization, 
then slightly acidified with hydrochloric acid, and chlo- 
23 
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rine water allowed to enter the boiling solution, drop by 
drop, from a burette immediately above the surface of 
the liquid. Both bromine and iodine are liberated, color- 
ing the liquid yellow, and are volatilized by continued 
boiling. As soon, however, as the liquid resumes its 
colorless condition, add a fresh quantity of chlorine water, 
and continue doing so until this no longer causes a colora- 
tion in the liquid. 

We can find the amount of bromine if we deduct the 
C. C. corresponding to the iodine from the C. C. of chlo- 
rine water employed, and calculate the difference for bro- 
mine. 

If the original liquid is colored by organic matter held 
in solution, it is evaporated in a platinum dish, with ad- 
dition of sodium hydrate, and the residue then ignited in 
a silver crucible. 

Determination of the Nitric Acid, — The estimation is 
made as directed on page 242. The determination of the 
nitric acid and ammonia may be combined. The residue 
(see further on) left after the expulsion of the ammonia by 
sodium or potassium hydrate may be used, and the nitric 
acid converted by warming with zinc into ammonia : — 

KNO3 + 7NaOH + 4Zn = (3ZnNa,0, + ZnNaKO,) + 

2H,0 + NH3. 

Concentrate the retort contents still further. The de- 
composition with zinc dust is begun and the mixture of 
ammonia and water caught in a receiver containing dilute 
hydrochloric acid. (See p. 38.) (Bunsen uses 4 to 6 
zinc iron spirals instead of the zinc dust. These can 
easily be made by winding strips of zinc and iron around 
a glass rod. They are cleaned with hydrochloric acid 
and water before being used.) After a lapse of twelve 
hours heat the retort on a water-bath, until the liberation 
of gas ceases, dilute with water and continue heating over 
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ii free flame until about half the contents have been dis- 
tilled off. 

As already mentioned on page 39, the ammonia may 
be conducted into a measured volume of normal oxalic 
acid (in this instance y^^ normal oxalic acid is sufficient), 
and that portion of the acid not neutralized with ammonia 
may be titrated with ammonium or sodium hydrate. (See 
Analysis of Soda.) 
If, in this instance, 

t represents the number of C. C. of oxalic acid used 

in the experiment, 
a the weight of acid (C,Hj,0^-|-2HjO) contained in 

one C. C, 
^j the number of C. C. of neutralized acid in the re- 
ceiver after the dilution, then the water will con- 

tarn ri ij () 1 9 ij r\ <^ (^-^) grros. nitric acid. 

Determination of the Ammonia 1000 to 2000 grms. 

of water are taken for this estimation. These are before- 
hand concentrated with addition of hydrochloric acid to 
a small bulk, either in platinum or porcelain vessels. Fol- 
low the method on page 37. 

Determination of Oalcium, Strontium, Barium, Mag^ 
nesium, Iron, Manganese, Aluminum, and Phosphoric 
and Silicic Acids. ( Organic Matter.^ — About 5000 grms. 
of water* are acidified with hydrochloric acid and then 
evaporated to dryness in a platinum dish. The precau- 
tions already given above should be strictly followed. 
(See Determination of Solid Constituents.) The emptied 



* The amount of water to be evaporated depends upon the 
quantity of solid constituents ; so that for this purpose greater 
or less quantities are employed. 
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flasks should always be rinsed out with dilute hydrochloric 
acid and water, because if they have stood any time cal- 
cium carbonate would very probably have separated out, 
and also ferric oxide in case this was present. 

The perfectly dry residue must be heated to about 120° 
C. to effect the complete separation of the silicic acid, 
then moistened with hydrochloric acid, warmed on a water 
bath and dissolved in water. The silicic acid remains in- 
soluble, and after filtering, washing and drying it is ignited 
and weighed (p. 124). If it is discolored by any organic 
material, treat after ignition with pure alcohol and ether. 
After the evaporation of these solvents the residue is 
weighed and regarded as " organic substance."* 

The purity of the silicic acid is tested by treating it with 
hydrofluoric acid or ammonium fluoride, and the residual 
traces of barium or strontium sulphate (titanic acid) 
brought into solution and added to the rest of the liquid. 

The filtrate from the silicic acid is warmed with addi- 
tion of nitric acid, and the aluminum, ferric oxide and 
phosphoric acid precipitated by ammonium hydrate (best 
in a platinum dish). The precipitate (I.) is imperfectly 
washed with hot water, redissolved in hydrochloric acid, 
when there generally remains a residue of insoluble silicic 
acid (p. 131), and the precipitation of the aluminum, etc. 
with ammonium hydrate is repeated, in the filtrate from 
the same. Berzelius' method may be employed in the 
separation of the ferric oxide, alumina and phosphoric 
acid. The precipitate is fused in a platinum crucible, 
with six times its quantity of a mixture of 6 parts sodium 
carbonate and 1^ parts of silica, and the fused mass 
treated with water. The aqueous solution will contain 
besides the silicic acid, the excess of sodium carbonate, 

* For the determination of the organic matter by the ignition 
of the residue left upon evaporation, see page 249, remark. 
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and all the phosphoric acid combined with sodium. The 
silicic acid is separated by warming the liquid with ammo- 
nium carbonate and evaporating the filtrate with hydro- 
chloric acid to dryness in a platinum dish. Add to the 
filtrate an excess of pure (free from aluminum) potassium 
hydrate and filter off the ferric oxide after digesting the 
solution for some time on a water bath. After washing 
with hot water dissolve the precipitate in hydrochloric 
acid, precipitate again with ammonium hydrate, wash, dry 
and ignite. 

To remove the aluminum from the potassium hydrate 
solution acidify the latter with hydrochloric acid and add 
ammonium hydrate (p. 37). 

The liquid from (I.) precipitate is transferred to a flask 
of suitable size, and the manganese thrown down with am- 
monium sulphide added in slight excess (Precipitate II.). 
To prevent the separation of calcium carbonate from the 
liquid upon standing, fill the flask with boiled water and 
cork it. The manganese sulphide may, however, contain 
slight traces of calcium carbonate ; dissolve it, therefore, 
in acetic acid (any zinc, cobalt or nickel that may be pre- 
sent will be insoluble) and repeat the precipitation as 
before. This second filtrate is added to the first. 

To separate the remaining substances the filtrate from 
the manganese sulphide (II.) is acidified with hydrochloric 
acid and warmed until the hydrogen sulphide odor is no 
longer perceptible. Filter off the sulphur, and after neu- 
tralizing with ammonium hydrate add an excess of ammo- 
nium oxalate. When the calcium oxalate has subsided, 
it is filtered off, washed and after dissolving in hydrochloric 
acid, is reprecipitated by ammonium hydrate and oxalate 
(Precipitate III.). By ignition the calcium oxalate is 
either converted into carbonate or oxide and weighed 
(p. 14). 

When barium and strontium are present, they are 

23* 
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found in the calcium precipitate. The latter may also 
contain traces of magnesium. To estimate these sub- 
stances heat the weighed precipitate in a platinum crucible 
with nitric acid, until a clear solution is obtained, then 
evaporate on a water-bath. The residue contains the 
alkaline earths as nitrates. These are now digested with 
a small quantity of absolute alcohol, and after standing 
twenty-four hours the nitrates of barium and strontium 
are filtered off (p. 28). The filtrate contains the nitrates 
of calcium and magnesium. Evaporate this solution to 
dryness, dissolve the residue in hydrochloric acid, and, 
after again evaporating and redissolving in water, the 
calcium is precipitated as oxalate. The magnesium is 
separated by evaporating the filtrate to dryness and ignit- 
ing the residue to expel all ammoniacal salts. This done, 
the residue is taken up in water acidulated with hydro- 
chloric acid, and the magnesium thrown down by ammo- 
nium hydrate and phosphate (p. 16). 

The nitrates of barium and strontium are dissolved 
upon the filter in hot water — the solution being then 
evaporated to dryness in a weighed platinum crucible and 
the residue dried at 140° C. until the weight becomes 
constant. The nitrates are converted into oxides by heat, 
and these then treated with hydrochloric acid. The solu- 
tion of the chlorides is evaporated to dryness, the residue 
treated with absolute alcohol, when barium chloride will 
remain insoluble. Filter and wash with absolute alcohol. 
The washed barium chloride is dissolved in hot water, 
the solution evaporated in a platinum crucible, with addi- 
tion of a few drops of sulphuric acid, to dryness, and the 
barium sulphate weighed. 

After expelling the alcohol from the filtrate, the stron- 
tium is treated similarly. 

The precipitate from the calcium oxalate (Precipitate 
III.) contains besides the magnesium small quantities of 
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calcium. It is put in a platinum dish and evaporated to 
diyness, the ammoniacal salts expelled by heat and the 
residue dissolved in dilute hydrochloric acid. The mag- 
nesium is thrown down iii this solution as ammonium 
magnesium phosphate (p. 16). To obtain the calcium 
contained in the magnesium pyrophosphate dissolve the 
latter in strong hydrochloric acid, precipitate with ammo- 
nium hydrate and again dissolve in acetic acid. From 
this solution the calcium is precipitated by ammonium 
oxalate. 

Determination of Potassium and Sodium. — With waters 
containing large quantities of sodium chloride, the con- 
tents of one or two flasks will be suflicient for the prose- 
cution of this determination, while otherwise a much 
larger quantity of water must be worked up. The water 
is concentrated in platinum vessels and whilst boiling pre- 
cipitated with excess of barium hydrate. Evaporate the 
filtrate in a platinum dish, dissolve the residue in a very 
small quantity of water, and precipitate the filtrate with 
ammonium carbonate and hydrate. The filtrate from the 
barium carbonate is evaporated in a platinum dish, the 
ammonium salts expelled, and the aqueous solution of the 
residue again mixed with ammonium carbonate and hy- 
drate. 

If a precipitate of barium carbonate is produced, treat 
the filtrate as before, and continue evaporating and preci- 
pitating as long as ammonium hydrate and carbonate pro- 
duce a precipitate. The final residue, free from ammo- 
niacal salts, is dissolved in water, and the solution digested 
in a platinum dish for 24 hours with freshly precipitated 
oxide of mercury to precipitate the last traces of magnesia. 
The filtrate is evaporated in a platinum dish and ignited 
to expel the small quantity of mercuric chloride present, 
the residue is dissolved in as little water as possible, the 
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filtrate evaporated to dryness in a platinum crucible with 
addition of hydrochloric acid, and the perfectly dry residue 
heated to a low redness, the crucible being well covered. 
The potassium and sodium are separated according to 
page 41. 

The alkaline chlorides thus obtained are rendered im- 
pure by small quantities of magnesium chloride, and con- 
tain moreover all the lithium as chloride. 

To determine the magnesium chloride the filtrate 
from the potassium-platinum chloride is evaporated upon 
a water-bath to expel the alcohol, and the residue rinsed 
into a long-necked flask. By boiling the liquid the air is 
expelled, and the flask is connected with a hydrogen gene- 
rator and heat applied. By this operation not only the 
excess of platinic chloride, but also the double salt of pla- 
tinum and sodium in the solution, is decomposed, with 
the separation of metallic platinum. As soon as the liquid 
has become colorless, the precipitate is filtered off* and the 
magnesium in the filtrate thrown down in the usual man- 
ner. The magnesium pyrophosphate is calculated for 
chloride, and this deducted from the weighed alkaline 
chlorides (Laspeyres). 

For the determination of the lithium see later. 

Direct Determination of Sodium Carbonate. — It is 
frequently preferred, in the analysis of alkaline mineral 
water, to determine directly the amount of sodium car- 
bonate held in solution. To do this boil 100-300 grms. 
of water for some time in a platinum dish, and filter off* 
the separated carbonates of the alkaline earths, etc. etc. 
The precipitate is perfectly washed with water, and the 
filtrate halved. The one portion is evaporated to dryness 
with hydrochloric acid, and after the complete expulsion 
of the latter the chlorine in the residue is estimated in the 
usual manner. To calculate the sodium carbonate from 
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the silver chloride obtained, there must be deducted from 
the latter the amount of silver chloride which corresponds 
to the sodium chloride existing in the solution. (See Hy- 
drochloric Acid Determination.) It must also be borne 
in mind that, when compounds of bromine, iodine and 
sulphur are present, these are also converted into sodium 
chloride, and a quantity of silver chloride corresponding 
to the sodium sulphide, bromide and iodide must likewise 
be deducted. Finally there is always some magnesium 
passing into the filtrate as magnesium-sodium carbonate, 
which is changed to magnesium chloride. To determine 
the latter precipitate the magnesium in the second portion 
of the above filtrate in the usual manner, calculating from 
the magnesium pyrophosphate the quantity of silver chlo- 
ride corresponding to it. The silver chloride that re- 
mains is calculated for sodium carbonate. 

Determination of the Lithium and Detection of Caesium 
and Rubidium — Generally only sliglit traces of lithium 
compounds are found in mineral waters, and for their de- 
termination large quantities of the water are evaporated. 
If for the determination of the potassium and sodium a 
rather large quantity of water was taken, the lithium may 
be estimated at the same time with these. The filtrate 
from the metallic platinum is evaporated to dryness, and 
the residual chlorides of sodium and lithium extracted 
with ethereal alcohol. Proceed as directed later. 

When a separate portion of water is used for the lithium 
estimation, the detection of the rubidium and caesium may 
be carried on at the same time. For the removal of the 
alkaline carbonates, ferric oxide, manganese oxide, etc., 
proceed as in the estimation of bor&cic acid, bromine, 
fluorine and iodine (p. 262) ; evaporating the contents to 
dryness after adding sodium carbonate. The residue is 
repeatedly lixiviated with water, and the filtrate, after 
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concentration and slight acidulation with hydrochloric 
acid, is precipitated in the cold with platinic chloride. 
The precipitate produced contains not only the double 
chlorides of potassium and platinum, but analogous salts 
of rubidium and caesium, whilst the double chloride of 
platinum and lithium (together with sodium platinic chlo- 
ride) remains in solution. The detection of rubidium and 
caesium in the presence of potassium depends upon the 
greater solubility of the double chloride of potassium and 
platinum in water than the corresponding double salts of 
the other two. The platinum precipitate is filtered after 
standing 24 hours, and boiled up 25-30 times in a pla- 
tinum dish with small quantities of water. Only enough 
water is added to cover the precipitate. If anything is 
deposited from the aqueous decantations on cooling, this is 
again subjected to the same treatment, added to the first 
residue, and examined in the spectroscope for calcium and 
rubidium. 

To estimate the lithium decompose the double salts 
with hydrogen (p. 272), and boil the filtrate with barium 
hydrate to remove the alkaline earths. The excess of 
this reagent, as well as traces of calcium, are removed 
from the liquid by warming the latter with ammonium 
hydrate and carbonate. The filtrate is now evaporated 
in a platinum dish, and the residue gently ignited to 
expel the ammonium salts. Dissolve the residue in water, 
and acidify the liquid which must necessarily be filtered 
with hydrochloric acid. When large quantities of sodium 
chloride are present in the water, it is advisable to re- 
move this as far as possible before extracting with alcohol. 
Concentrate the acidulated liquid, transferring the sodium 
chloride that has crystallized out to a funnel, washing it 
several times with cold water, and treating the mother 
liquor again in the same manner. (Bunsun.) At last 
the solution is evaporated to dryness on a water-bath, 
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heated some time over a free flame to expel the water, 
then repeatedly exhausted with a mixture of absolute 
alcohol and ether. This process is continued until a 
small portion of the filtrate no longer yields the fiame re- 
action of lithium, when the alcoholic solution is evapo- 
rated on a water-bath, the residue dissolved in water and 
tested with ammonium hydrate and carbonate, and notice 
taken of the precipitation of calcium. If this occurs, 
evaporate the filtrate, and precipitate the solution of the 
residue again with ammonium hydrate and carbonate. 
The residue finally obtained dissolve in dilute hydro- 
chloric acid, and the sharply dried residue of the solution 
treat with ethereal alcohol. Any traces of sodium chlo- 
ride that may remain are filtered off, and the lithium 
determined in the filtrate according to page 106. 

Qualitative Detection of Copper, Bismuth, Lead, Ar- 
senic, Antimony, Tin, Cobalt, Nickel, Zinc, Barium, 
Strontium and Titanium, — These elements exist in such 
minute quantities in mineral waters, that in most cases 
even very large amounts of water are not sufficient for 
their detection. The collected deposit or sinter at the 
mouth of the spring is particularly adapted for this pur- 
pose. It is perfectly purified and freed from adherent 
mineral water by washing with distilled water. For the 
detection of arsenic, antimony and tin, fuse a portion of 
the substance with an equal amount of a mixture of equal 
parts of soda and saltpetre, evaporating to dryness upon a 
water-bath the aqueous solution of the fused mass, with 
addition of dilute sulphuric acid. The aqueous solution of 
the residue is boiled with sulphurous acid to cause a re- 
duction of the arsenic acid, and after expelling this the 
arsenic is precipitated by hydrogen sulphide. The sul- 
phides of arsenic, antimony and tin are dissolved when 
the precipitate is treated with sodium or potassium sul- 
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phide; and hj boiling this solution with an excess of 
sulphurous acid, and evaporating the liquid to one-third 
its volume, the antimony and tin are precipitated, whilst 
the arsenic is dissolved (p. 70). The further recognition 
is most safelj insured bj the flame reactions. 

To detect the remaining metals digest a second portion 
of the spring deposit with hydrochloric acid, and evapo- 
rate to dryness on the water-bath. The residue is dis- 
solved in dilute hydrochloric acid, and hydrogen sulphide 
conducted into the liquid. The precipitate produced is 
oxidized with fuming nitric acid to effect the destruction 
of any organic matter mixed with it. For the separation 
from arsenic, antimony and tin neutralize the solution 
with potassium hydrate, and digest with sodium sulphide. 
The insoluble sulphides are dissolved in nitric acid, and 
the lead removed with sulphuric acid. In the filtrate are 
copper and bismuth, which are separated by ammonium 
carbonate. The precipitates obtained should be more 
closely examined according to Bunsen's suggestion — ^re- 
duction by particles of carbon.* 

To get out the cobalt and nickel in cases where the 
sinter contains considerable iron, Bunsen recommends that 
the filtrate from the hydrogen sulphide precipitate, after 
the expulsion of the gas, be neutralized with sodium car- 
bonate, and boiled with freshly precipitated manganese 
sulphide. Cobalt and nickel pass into the precipitate, 
and are afterwards separated from the manganese with 
acetic acid. 

Barium,. strontium, and titanium must be sought for in 
the usual manner in that portion of the sinter insoluble in 
hydrochloric acid. The residual silica should be exam- 
ined for titanium (p. 125). 

* See Hansen's " Flammenreactionen," p. 63. 
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Ashes of Plants. 



Compomtion Ferric oxide, alumina, manganic oxide, 

calcium oxide, magnesia, potassium, sodium, silicic acid, 
carbon dioxide, phosphoric, sulphuric, and hydrochloric 

Fig. 28. 



To obtain the ash tlie parts of plants dried at 100° C, 
the seed, fruit, etc., are incinerated either in a mufHe or 
in a large platinum dish at as Ion a temperature as pos- 
sible. Jn all instances the latter method is applicable, if, 
according to F. Schulze, the air-draft be increased by a 
lamp chimney, extending some distance in the dish. 
(Fig. 28.) The incineration begins at a low red heat, 
and volatilization of the alkalies need not be feared. 
24 
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When the weight of the dish becomes constant, the ash 
is finely pulverized, and preserved in a corked bottle. 
Transfer to a glass cylinder of about 300 C. C. capacity, 
and that can be well closed, about 10 grms. of ash, and 
20 C. C. of water are then poured in, and the cylinder 
and the latter filled with carbon dioxide. Close the same 
and shake. Add more carbon dioxide, and shake, and 
repeat this operation until the liquid becomes colorless. 
The contents of the cylinder are rinsed into a dish, 
evaporated upon a water-bath, and the residue heated 
for some time at 160° C. If any calcium carbonate has 
crystallized out upon the sides of the cylinder, and cannot 
be removed by washing, add some water, and pass in a 
current of carbon dioxide to convert the calcium carbonate 
into the soluble hydrocarbonate. For the perfect removal 
of the alkaline salts extract the dry residue with water, 
bring the insoluble portion upon a filter dried and weighed 
at 100° C, and again concentrate the filtrate by evapo- 
ration. In this operation calcium sulphate usually sepa- 
rates out, and is also brought upon a weighed filter and 
preserved for some time. The filtrate from the gypsum 
is caught in a weighed dropping flask, care being exerted 
that no drops sprinkle the sides of the vessel, and that 
the point of the funnel does not come in contact with the 
filtered solution. (Bunsen.) 

The aqueous extract of the ash contains, besides little 
quantities of the phosphates, the alkalies as carbonates, 
sulphates and chlorides. The residue consists principally, 
besides the silicic acid, of the carbonates and phosphates 
of the alkaline earths and also ferric oxide, alumina and 
manganese oxide (and manganese protosesquioxide). 

Immediately after the filtration (having mixed the solu- 
tion well) the aqueous extract of the ash is divided into 
five portions, determining in the first the chlorine by add- 
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ing silver nitrate, nitric acid, and then applying heal. (See 

P-17.) 

The second portion serves for the sulphuric acid esti- 
mation, by precipitating it from a hydrochloric acid solu- 
tion as barium sulphate. 

For the estimation of the alkalies the third portion is 
boiled with barium hydrate, and the method of procedure 
followed which is fully explained at page 271. 

The third portion is acidified with hydrochloric acid, 
and boiled to decompose the carbonates, then rendered 
alkaline with ammonium hydrate, and the precipitate 
produced dissolved in a small quantity of acetic acid. From 
this solution precipitate the traces of calcium by ammo- 
nium oxalate, and after creating an alkaline reaction 
in the filtrate by addition of ammonium, precipitate the 
phosphoric acid remaining in the filtrate from the ammo- 
nium-magnesium phosphate by addition of a magnesium 
chloride solution (p. 25). 

When phosphoric acid is not present, the usual method 
for the separation of calcium and magnesium is followed. 
The carbon dioxide is determined in the fifth portion 
either by direct weighing (p. 33) or from loss in weight. 
(See Soda Analysis.) 

For the analysis of the weighed residue of the ash inso- 
luble in water, after having mixed it well in an agate 
mortar, pour over it nitric acid (about 2 grms.) containing 
some nitrous acid,* and digest upon a water-bath to com- 
plete solution. Evaporate the liquid to dryness with ad- 
dition of nitric acid, and filter off the silicic acid. The 
filtrate is reduced to a definite volume, and the phosphoric 
acid estimated with ammonium molybdate in a measured 
portion (or when weighed, in a weighed portion, p. 25). 

After removing the excess of nitric acid by evaporation, 

* This is added to dissolve the manganese protosesquioxide. 
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mix a portion or the entire quantity of liquid with a suffi- 
cient amount of lead acetate to precipitate the phosphoric 
acid, and remove the excess of the former in the filtrate by 
hydrogen sulphide (p. 114). Expel the excess of the 
latter reagent by boiling, convert the ferrous into ferric 
oxide, and precipitate the aluminum and iron in the boil- 
ing liquid with ammonium hydrate. It is advisable to 
redissolve in hydrochloric acid the filtered and imperfectly 
washed precipitate and repeat the precipitation. Iron 
and aluminum may be separated according to the methods 
given on pages 90 and 269. The precipitate may yet con- 
tain phosphoric acid, if the precipitation of the latter with 
lead acetate was effected in a very acid solution. The 
manganese is thrown down in the filtrate of the ammonium 
precipitate by a few drops of ammonium sulphide (see p. 
21), and the excess of the latter destroyed with hydro- 
chloric acid. The calcium and magnesium are separated 
as usual. 

Instead of treating portions of the filtrate from the 
silicic acid for the estimation of the phosphoric acid and 
the bases, it is possible, if the method of Reissig be pur- 
sued, to effect the separation of the oxides simultaneously 
with the determination of the phosphoric acid. The 
liquid is mixed with a weighed quantity of pure tin (about 
2-3 grms.) and fuming nitric acid (p. 115), then digested 
until oxidation ceases. When the precipitate of tin phos- 
phate and oxide has fully subsided, filter off the clear 
supernatant liquid, wash the precipitate perfectly on the 
filter and digest in a platinum dish with a small amount 
of concentrated potassium hydrate.* 

Dilute the alkaline liquid, containing potassium phos- 
phate and stannate, in a litre flask with about 900 C. C. 

* Avoid an excess, as a precipitate insokible in this reagent 
may separate out if care is not observed. 
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of hot water, and saturate the solution with hydrogen sul- 
phide gas. If a precipitate of iron sulphide forms, filter 
it off, returning the filtrate to the flask again, and render 
the same slightly acid by the addition of dilute sulphuric 
acid. Fill the flask to the " mark " and determine its 
weight. After the tin sulphide has subsided — after twelve 
hours— filter about two-thirds of the clear liquid through 
a dry filter into a weighed flask and reweigh this. The 
weighed filtrate may be used to estimate the phosphoric 
acid. To this end, the liquid, strongly concentrated by 
evaporation and after neutralization with ammonium hy- 
drate, is precipitated by addition of magnesium chloride 
(p. 25). 

To ascertain the relative weight of the liquid used for 
the phosphoric acid determination to that of the entire 
quantity, it is only necessary to deduct the quantity of 
stannic sulphide corresponding to the metallic tin taken 
from the entire weight of the flask contents (about 1000 
grms.). 

Ferric oxide, alumina, etc., are in the filtrate from the 
tin phosphate and oxide. To remove any impurities 
(generally copper) introduced by the tin, conduct a stream 
of hydrogen sulphide into the liquid, treating the filtrate 
as above (oxidation with nitric acid, precipitation with 
ammonium hydrate, etc.). 

A fresh portion of the insoluble residue of the ash is 
employed for the estimation of carbon dioxide, silicic acid 
and sulphuric acid. 

The carbon dioxide may be determined by direct weigh- 
ing or by difference (p. 33, and see Soda). After complete 
decomposition the contents of the flask are evaporated to 
dryness in a platinum dish, the silicic acid separated as 
usual (p. 124), and the sulphuric acid precipitated with 
barium chloride in the filtrate from the silicic acid. 

24* 



Guano. 

Water Determination. — As guano dried at 100° C. or 
ISO'' C. loaeB a portion of ita ammonia with the water, 
the latter cannot be determined by the loss in weight of a 
dried portion, but the volatilized ammonia must be also 
estimated. For this purpose Stohmann has constructed a 
special apparatus, the arrungenient of which is sbonn in 
Fig. 29. W is a water-bath, in which the brass tube a is 



soldered, containing also the small boat serving to hold 
the guano. On one side there is connected with a the 
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calcium chloride flask C, and upon the other the pear- 
shaped tube A, which acts as a receiver for the ammonia. 
It contains a measured volume of oxalic or sulphuric acid 
of known strength (about 10 C. C. oxalic acid containing 
0.63 grm. CJilfi^+2Hfi, or 0.49 grm. sulphuric acid 
con-esponding to 0.17 grm. ammonia). 

Weigh off a portion (5 to 10 grms.) of the guano. 
Push the boat S into the tube a, and connect the latter 
with C and A ; bring the water in W to boiling, and at 
the same time draw a current of air through the apparatus. 
As soon as the weight of the boat is constant, titrate the 
unneutralized oxalic acid or sulphuric acid with sodium or 
ammonium hydrate, and subtract the calculated quantity 
of ammonia from the loss in weight the boat has sustained. 

Determination of the Non-volatile (Jixed) Constituents 
in the Guano — Proceed exactly as described in the analy- 
sis of the ash (p. 277), heating the residue from the water 
determination in a platinum dish at a very low tempera- 
ture until the weight becomes constant. If alkaline car- 
bonates are present, these may lose, according to the 
temperature, a portion of their carbonic acid ; it is there- 
fore necessary to moisten the ignited residue again with 
ammonium carbonate, and after gentle ignition re weigh. 
The resulting ash should be kept in a well-closed glass for 
the future determination of single constituents. 

Determination of the Non-volatile Constituents — sepa- 
rately — Usually the determination of phosphoric acid, 
sulphuric acid, calcium and the alkalies, is all that is 
necessary. As regards the phosphoric acid — heretofore it 
has been estimated in such a manner that a weighed por- 
tion of the ash was digested some time with nitric acid, 
and the phosphoric acid in this solution determined gravi- 
metrically or volumetrically. Gilbert first called attention 



284 GUANO. 

to the fact that, upon digesting the ash with nitric acid, 
the pyrophosphate that had been formed bj ignition was 
not fully converted into the ordinary phosphoric acid, and 
consequently this acid existing in the residue as calcium 
pyrophosphate was thus withdrawn from the estimation. 
The conversion succeeds, however, readily and perfectly, 
if, pursuant with the suggestion of Gilbert, the incinerated 
guano be fused in a platinum crucible with four times its 
weight of a finely pulverized mixture of two parts soda 
and one part potassium chlorate.''' 

The fusion occurs at a low red heat and is continued 
until the ignited mass becomes white, when the heat is 
increased to a strong glow for a quarter of an hour. Pour 
out the liquid contents into a platinum dish (p. 40), digest 
some time upon the water- bath with addition of water, 
and add nitric acid finally to acid reaction. In the pres- 
ence of silicic acid the solution is evaporated to dryness, 
and the residue dissolved in water and nitric acid. De- 
termine the phosphoric acid in the filtrate from the silicic 
acid, volu metrically or gravimetrically. The precipita- 
tion with ammonium molybdate precedes the gravimetric 
determination (see p. 25). To convert the nitric acid into 
an acetate solution for the purpose of determining the 
phosphoric acid volumetrically, dissolve the precipitate 
produced by the addition of sodium hydrate in the least 
possible quantity of acetic acid. When iron and aluminum 
are present, their phosphates [Fe2(PO^)3 or Alj(PO^)J 
will remain insoluble in acetic acid. If the precipitate is 
pure iron or aluminum phosphate, it is filtered off, washed 
with hot water, ignited, weighed, and the phosphoric acid 
contained in it calculated. If, however, the precipitate is 

* Saltpetre may replace potassium chlorate, and is preferable 
in case the substance analyzed leaves a difficultly combustible 
residue, rich in nitrogenous material. 
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a mixture of the two compounds in considerable quantity, 
and the determination of the phosphoric acid is to be ac- 
curate, the latter is separated from the bases by the method 
proposed on page 268. For the rest, see page 117. 

The sulphuric acid is determined by digesting a second 
portion of the ash repeatedly with nitric acid, evaporating 
the solution to dryness on the water-bath, dissolving the 
residue in dilute hydrochloric acid, and precipitating the 
sulphuric acid in the filtrate with barium chloride. a , 

The eHorme is most advantageously determined in the Q^^ tAAA^y>n^ 
nitric acid solution of a third portion of the ash by evapo- 
rating it to dryness with sulphuric acid, forming calcium 
sulphate (p. 114). 

The solution of a fourth part containing the alkalies is 
freed as mucli as possible from nitric acid, and these de- 
termined after boiling with barium water, and treating 
the filtrate with ammonium carbonate (p. 271). 

In a complete analysis of the fixed constituents, all the 
substances present, excepting the alkalies, may be deter- 
mined in the same solution. Fuse as above with soda 
and potassium chlorate, reducing the liquid filtered from 
the silicic acid to a definite volume. If the quantity of 
calcium sulphate in guano is to any degree considerable, 
the residual silicic acid will stubbornly retain a portion of 
it. Digesting the latter repeatedly with small quantities 
of nitric acid is then absolutely necessary. 

The phosphoric and sulphuric acids are separated and 
determined as usual in a measured portion of the liquid. 
Before bringing the barium sulphate on a filter, boil it up 
repeatedly with water, and, after ignition, treat with dilute 
hydrochloric acid (p. 15). 

To estimate the remaining constituents, the phosphoric 
acid is separated with tin from a second portion of the 
solution, and the method (p. 115) then followed in its 
particulars. 
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Determination of Constituents — soluble and insoluble 

in water For this purpose take about 10 grms. of un- 

dried guano, place it in a flask, and pour over it 200 C. C. 
of water ; shake up several times, and immediately filter 
off the residue upon a filter dried and weighed at 100° C. 
The insoluble portion is perfectly washed (best with an 
exhaust pump) with small quantities of water, and dried 
at 100° C. until the weight is constant. By incinerating 
the residue (p. 277) the quantity of the fixed constituents 
is ascertained. The quantity soluble in water follows from 
the difference. If the entire quantity or a portion of the 
non-volatile constituents is to be determined in the aque- 
ous solution, evaporate the filtrate to dryness in a platinum 
dish and ignite. The estimation of individual constituents 
— soluble or insoluble in water — is executed as above. 

Determination of the Carbon Dioxide, — Many guanos 
contain carbonates in greater or less quantities ; in this 
case the carbon dioxide is estimated according to page 33. 
(See Soda Analysis.) 

Determination of the Total Carbon. — A portion of the 
substance previously dried at 100° C. is taken, and the car- 
bon determined either according to page 221, by ignition 
in a stream of oxygen, or by oxidation with chromic and 
sulphuric acids (p. 229). As in the combustion of nitro- 
genous organic compounds with cupric oxide, nitrogen 
oxide gas is evolved, which is partially converted into 
nitrous acid, and as such absorbed by the soda-lime; 
therefore the anterior portion of the combustion -tube is 
filled with a layer of metallic copper, 12 Cm. long (cop- 
per wire rolls are best adapted), and this then ignited. In 
employing the first method it is further necessary, as the 
ash constituents readily retain carbon dioxide, to mix the 
guano before combustion with boracic acid, oxide of anti 
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mony, or copper phosphate, which will perfectly expel the 
carbon dioxide. These latter agents may be disregarded 
if in the oxidation of the carbon we employ a mixture of 
nine parts lead chromate and one part potassium chromate. 
The formation of nitrous acid in this case is, however, 
more readily facilitated. 

If the guano contains carbon dioxide for itself, this must, 
of course, be deducted from that obtained by combustion. 

Determination of the Nitric Acid, — A weighed portion 
of the manure is extracted with cold water, the filtrate 
made alkaline with sodium carbonate, the precipitate fil- 
tered after standing some time, and a portion of the filtrate 
employed for estimating the nitric acid according to page 
242 or page 266. When using the method subsequently 
described for the estimation of ammonia (by boiling with 
magnesia) the nitric acid determination • can be made at 
the same time. Follow instructions given on page 266. 

Determination of the Hydrochloric Acid, — A second 
portion of the undried guano is digested at a very low tem- 
perature with nitric acid, and the hydrochloric acid esti- 
mated by precipitation with silver nitrate. 

Determination of the Oxalic Acid, — The method pur- 
sued is based upon the same principle as the valuation of 
manganese dioxide (p. 93) ; 2 mols. carbon dioxide corre- 
spond to 1 mol. oxalic acid (Cj,HjOJ. Mix the guano 
with an excess of pure manganese binoxide, and saturate 
with dilute sulphuric acid. The results are far more ac- 
curate if the carb<m dioxide is not determined by loss in 
weight, but by direct weighing, as given on page 33. If the 
guano contains carbonates, the addition of dilute sulphuric 
acid precedes that of the manganese dioxide. The carbon 
dioxide is expelled by heat, the acid neutralized with 
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sodium hydrate, manganese binoxide mixed in, and the 
method followed which has already been described. 

Determination of the Uric Add. — The uric acid is 
readily dissolved by gently warming the guano with 
sodium hydrate. Concentrate the filtrate by evaporation, 
and acidulate it w^ith dilute hydrochloric acid. After 
standing twenty-four hours the separated .uric acid is 
brought upon a filter, dried and weighed at 100° C, 
washed with small quantities of water (best with an ex- 
haust pump), and dried at 100° C. until constant weight is 
obtained. 

Determination of the Entire Nitrogen. — The method is 
founded on the principle, that nitrogenous organic sub- 
stances, when fused with an alkaline hydrate, form alka- 
line carbonates, whilst the hydrogen of the alkaline hy- 
drate combines with the nitrogen to form ammonia. 

As an alkaline hydrate, there is generally employed a 
mixture of one part sodium hydrate with two parts oxide 
of calcium — the so-called soda-lime. The ammonia libe- 
rated by this process is either taken up in dilute hydro- 
chloric acid, and the quantity of platinum-ammonium 
chloride and platinum determined (p. 39), or oxalic or 
sulphuric acid of known strength are used for this pur- 
pose. If 10 C. C. of ail oxalic acid solution are taken 
with 0.63 grm. C,H,0^-|-2H20, or 0.49 grm. sulphuric 
acid (see above, p. 283, Determination of the Water in 
Guano), these will correspond to 1.14 grms. nitrogen. 

In the quantitative estimation of ammonium chloride, 
for the absorption of the ammonium produced, the appa- 
ratus of Varrentrapp and Will or that of Arendt and 
Knop is employed as receiver. (Figs. 30 and 31.) 

The latter has an advantage over the other in that it 
possesses a second bulb, which will certainly prevent the 
acid from passing back into the combustion-tube. These 
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forms of apparatus may be replaced by the absorption 
apparatus figured on page 170, which is particularly 
adapted to the employment of volumetric methods. To 
glow the soda-lime take a combustion-tube of difficultly 

Figs. 30 and 31. 





fusible glass, and about 40 Cm. long, which is drawn to a 
point at one end, and bent upwards (Fig. 32). The back 

Fig. 32. 




r 



portion of the tube is filled with a layer of ignited soda- 
lime about 10 Cm. long,* the weighed quantity of guano 
then introduced, then another 10 Cm. layer of soda-lime 



* Always test the soda-lime for nitrous acid. 
25 
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filled in, which is well mixed with the guano. The mix- 
ing is effected by means of an iron wire (Fig. 33) shaped 

Fig. 33. 



like a cork-screw, which is stirred about in the tube, bring- 
ing the guano near the middle of the 20 Cm. layer of soda- 
lime. The anterior portion of the tube is filled with 
another soda-lime layer, about 10 Cm. long, so that be- 
tween it and the cork there remains an unoccupied space of 
4 to 5 Cm. Fill in loosely ignited asbestos, and by tap- 
ping on the outside of the tube produce a small channel 
within. After joining the absorption apparatus with the 
combustion-tube, commence heating the latter at the front, 
continuing the ignition gradually along its entire length. 

When there is a largo amount of nitrogen it can occur 
that during the absorption of the ammonia the hydro- 
chloric acid will suddenly run back (retreat), and a por- 
tion of the same entering the tube will occasion the loss 
of the analysis. This may be avoided if the guano is pre- 
viously mixed with an equal quantity of pulverized sugar, 
because the gaseous decomposition products of the sugar 
will dilute the ammonia gas, and the absorption will be 
less violent. 

Determination of the JUntire Quantity of Ammonia. — 
The ammonia in guano cannot be determined by the dis- 
tillation of a weighed portion with sodium or potassium 
hydrate, because the protein substances contained in it 
(the guano) will also be decomposed with the liberation 
of ammonia. This latter decomposition, however, does 
not occur if calcium hydrate (milk of lime) or burned 
magnesia is substituted for the alkaline hydrate. As 
regards the employment of milk of lime, Schlossing, who 
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proposed this method, found that the expulsion of the 
ammonia was only complete when the lime-water was 
allowed to act in the cold upon the substance to be de- 
composed. The decomposition should occur either under 
the well-ground bell-jar of a desiccator or a beaker glass, 
closed about with mercury. Hydrochloric (dilute), oxalic 
or sulphuric acid of known strength is taken as absorb- 
ent for' the ammonia, and the vessel containing the acid 
is supported with the aid of a glass tripod or triangle 
directly over the dish filled with the guano and excess of 
lime-water. To prevent the loss of ammonia, it is advis- 
able to add the milk of lime to the weighed guano, when 
every preparation is made for the absorption of the am- 
monia. Then rapidly place over the vessel the bell-jar or 
beaker. After standing twenty -four hours the decompo- 
sition is complete. One may be easily assured of this by 
introducing a moistened piece of red litmus paper under 
the jar, when its color should remain unaltered. 

It is necessary, when using burned magnesia (Boussig- 
nault's method) to effect the decomposition of guano con- 
taining ammonia compounds, to boil the mixture, and 
follow exactly the course directed in the estimation by 
boiling with sodium hydrate (p. 38). 



Superphosphates. 

Composition, — The superphosphates contain not only 
calcium phosphate, but also varying quantities of calcium 
sulphate, calcium chloride, iron phosphate, free phos- 
phoric acid, water, and generally sand, carbon and organic 
matter. 

In most cases the valuation of these products consists 
in the estimation of the soluble, the so-called reverted, 
and the insoluble (crude) phosphoric acid. 
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For the complete analysis of superphosphates proceed 
precisely as in preceding examples. First of all, the 
water is ascertained in a portion by drying it at 160^- 
180^ C. until constant weight is obtained. 

The constituents soluble and insoluble in water are 
estimated by grinding about 10 grms. of the undried pre- 
paration in a porcelain mortar, with addition of cold dis- 
tilled water, until the mass is perfectly divided; then 
filter and continue extracting the residue on the filter with 
small quantities of water (using the exhaust pump) until 
the filtrate no longer shows an acid reaction. The residue 
is reserved for further investigation, the filtrate re- 
duced to a definite volume (500 C. C), and four measured . 
or weighed portions used in determining the organic sub- 
stances and alkalies, the sulphuric, phosphoric and hydro- 
chloric acids, and the alkaline earths. 

The organic material and alkalies are ascertained by 
evaporating the first portion in a platinum dish to dryness, 
barium hydrate is added to alkaline reaction and again 
evaporated, and the weight of the residue, dried at 100° 
C., ascertained, then ignited as on page 277. The differ- 
ence in weight will represent the organic material. Boil 
the ignited residue a second time with barium hydrate to 
separate calcium, magnesium, etc., and determine the 
alkalies in the filtrate according to page 271. 

In the second portion of the solution the sulphuric and 
hydrochloric acids are estimated as usual. If the aqueous 
extract is strongly colored by dissolved organic substances, 
these must be destroyed to estimate the hydrochloric acid. 
Evaporate to dryness in a platinum dish, with addition of 
sodium and potassium nitrate, and determine the acid in 
the aqueous extract of the mass. 

Phosphoric acid and the alkaline earths may be deter- 
mined in the same (fourth) portion. The solution is 
evaporated to dryness with addition of sodium carbonate, 
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the residue ignited and fused with a mixture of sodium 
carbonate and potassium chlorate (p. 284). The nitric acid 
solution of the cooled mass is rendered alkaline by sodium 
hydrate, mixed with acetic acid, * and the liquid reduced 
to a definite volume. In an aliquot portion determine 
the phosphoric acid either volumetrically or gravimetri- 
cally, the rest of the acetic acid solution being mixed with 
ammonium oxalate, and in the filtrate from calcium oxa-< 
late throw down the magnesium with ammonium hydrate 
and sodium phosphate (p. 1 6). 

The further treatment of the portion insoluble in water 
follows from what has already been written (p. 283). Its 
weight is first determined by drying the residue, together 
with the filter ash, at 180° C, until the weight becomes con- 
stant, and ascertaining the percentage of organic material 
by the loss upon ignition. The residual fixed constituents 
are fused with sodium carbonate and potassium chlorate, 
proceeding in general as directed at page 284. 

Nitrogen and ammonia arj determined as indicated in 
the Guano analysis. 

Determination of the Phosphoric Acid Soluble in 
Water. — The method follows from what has already been 
remarked in preceding examples. Two different methods 
serve for the extraction of the soluble acid — the digestion 
and washing processes. The first method consists in 
pouring gradually about 500 C. C. of cold distilled water 
upon a quantity of superphosphate, shaking repeatedly, 
and filtering the liquid after standing from 2 to 3 hours. 
The method results differently according to the time the 
substance is digested with water. It is not applicable 
when considerable quantities of ferric oxide and aluminum 



* When iron and aluminum phosphates remain undissolyed, 
their quantity is determined in a separate portion (p. 284). 

25* 
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are contained in the superphosphate, because the soluble 
iron or aluminum phosphate gradually decomposes with 
water and separates as an insoluble tribasic phosphate of 
iron or aluminum ( Riimpler). The results are consequently 
too low. 

The washing method has already been described above. 
(Determination of the constituents of superphosphates 
— soluble or insoluble.) This yields the most accurate 
results. 

As to the estimation of the phosphoric acid itself, pur-r 
sue the course given on page 284 ; evaporate with sodium 
carbonate, and fuse the ignited residue with the same and 
potassium chlorate, precipitating the acid from the nitric 
acid solution with ammonium molybdate or titrating with 
a uranium solution. 

Determination of the reverted Phosphoric Acid. — The 
residue after extracting the soluble acid with water is 
used. Fresenius discovered, that if this residue be treated 
with ammonium citrate (acid ammonium citrate) of sp. 
gr. 1.09, only the acid calcium phosphate 2CaO.H,O.P,05 
is dissolved whilst the undecomposed calcium phosphate 
existing in the superphosphate remains perfectly insoluble. 
After treating about 2 grms. of the superphosphate with 
water, the residue is washed perfectly with aid of a wash 
bottle filled with a solution containing 100 C. C. ammo- 
nium citrate of 1.09 sp. gr. into a beaker glass, this then 
digested for half an hour at a temperature of from 30'^ to 
40° C. and filtered. The insoluble residue is washed out 
with a mixture of equal parts of the above ammonium 
citrate solution and two to three times as much water. 
The filtrate is evaporated to dryness in a platinum dish 
and the residue ignited alone and then with sodium car- 
bonate and nitrate and the temperature greatly increased. 
After cooling the residue is treated with water, the liquid 
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acidulated with nitric acid and heat applied until the solu- 
tion is complete. Precipitate the phosphoric acid in the 
solution with ammonium molybdate, or titrate it with a 
uranium acetate solution (p 118). 

The quantity of the reverted phosphoric acid may be 
indirectly calculated from the difference. In this case 
determine the entire quantity of phosphoric acid remain- 
ing after treating with water and ammonium citrate, both 
that soluble and insoluble in water. 

If h represents the sought quantity of reverted phos- 
phoric acid, 
S the entire quantity of acid, 
a = portion soluble in water, 
c = the insoluble, then 

aS'=: a -{- 5 4" c and b = S — (a -|- c)* 



Bone Dust. 

In a complete analysis not only the fixed constituents 
contained in the bones but also the fat and gelatigenous 
substances must be regarded. 

The water is determined by drying a sample at 125° C. 

For the estimation of the total amount of the fixed con- 
stituents proceed as directed in the analysis of Guano, and 
ignite 5 to 10 grms. of the undried powder, until the ash 
appears white. The residue is used in distinct portions 
for the estimation of the fixed constituents, proceeding as 
on page 283. In many instances in the analysis of bone 
dust merely the phosphoric acid is to be determined. The 
ignited residue (not necessary to be burned white) is fused 
with four times its weight of a mixture of two parts soda 
and one part nitre, proceeding as on page 283. 

The fat is estimated by exhausting a weighed portion 
of the undried powder with anhydrous ether, the latter 
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driren off, and the weight of the residue dried at 100^ C. 
determined. 

GelatigeDoiw substance cannot be directly determined : 
the amount of it is expressed bj difference, if from the 
total weight o£ the ^ned constituents, fat, carbon dioxide 
and water are deducted. 

Nitrogen and carbon dioxide are determined as in 
Guano. 

Bone Black. 

Bone black presents a mixture of calcium phosphate, 
carbonate, and carbon, and contains generallj small quan- 
tities of ferric oxide, magnesia, soda, sulphuric acid (flu- 
orine), etc. 

Determine the moisture by drying a sample at 120° C. 

A second portion of the powder (about 5 gnns.) is taken 
for the estimation of the carbon dioxide (after page 33), 
and the remaining constituents. The hydrochloric acid 
solution remaining in the apparatus is filtered through a 
weighed filter, and the residue dried at the same tempera- 
ture until the weight is constant. This consists of carbon, 
the insoluble organic material, as well as sand and clay. 
By igniting to complete combustion of the carbon, sand 
and clay will remain ; the quantity of carbon and other 
organic matter is expressed by the difference. 

The hydrochloric acid solution filtered from the carbon, 
and containing calcium, magnesium, ferric oxide (alka- 
lies), phosphoric and sulphuric acids is examined accord- 
ing to the method described in the analysis of Plant Ashes 
on page 277. 

When hydrochloric acid is contained in bone black it is 
determined in a separate portion (p. 287). 
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Fuel. 



^ According as the fuel under examination is to be ap- 
plied, a perfect analysis (estimation of carbon, hydrogen, 
nitrogen, sulphur and ash), as well as an estimation of its 
technical value in producing heat effect and coke, etc., 
may be of interest and desirable. 

Determination of the Water, — The amount of water is 
expressed by the difference in weight of a finely pulverized 
and weighed sample dried at 125° C. Owing to the 
porous property of individual fuels, as well as their ability 
to absorb gases, it is necessary to weigh the substance in 
a tightly covered glass, and ascertain the weight of the 
dry sample immediately after cooling. 

Determination of the Carbon and Hydrogen. — Deter- 
mine the carbon either according to page 221, or if the 
estimation of the hydrogen is not needed, after the method 
of Ullgren (p. 229). 

In applying the method described on page 221, replace 
the porcelain tube with one of glass about 60 Cm. long, 
and drawn out to a point at one end. Use lead chromate 
in burning. As the hydrogen is calculated from the 
water produced, care must be taken that the combustion 
tube and lead chromate are perfectly dry. The tube is 
most easily freed of moisture by moving it back and forth 
in a smoky flame, and sucking out the heated air with the 
aid of a long glass tube. While yet hot it is closed with 
a cork containing a calcium chloride tube, and allowed to 
cool. In the mean time the lead chromate may be 
heated in a copper or porcelain crucible, and, while 
warm, introduced into a tube or flask that can be well 
closed. 
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The filling with lead chromate and the substance is the 
same as described on page 288. After mixing well, the 
front portion of the tube is .filled with a layer of lead 
chromate 15 Cm. long, and then, after creating a channel 
by tapping on the tube, a copper wire roll is introduced. 
To catch the water produced, the anterior part of the 
tube is connected with a calcium-chloride tube previously 
weighed, and this joined with the soda-lime tubes (p. 34) 
and the unweighed protection tube. As in using lead 
chromate no sulphurous acid is formed, the addition of 
a tube with chromic acid is not necessary (p. 223), and 
it is advisable, to enable one to control the course of the 
combustion, to substitute Liebig's bulbs (Fig. 34) for the 

Fig. 34. 




soda-lime tube, and to insert this between the calcium 
chloride tube and that filled with soda-lime. So much 
potassium hydrate of 1.27 sp. gr. is filled in the apparatus 
that, upon sucking at the tube a» the large bulb will be 
about half-filled with liquid. 

Owing to the nitrogen in the fuel the combustion can- 
not be made directly in a stream of oxygen, because this 
would favor the production of nitrogen trioxide, and the 
increase in weight of the apparatus would be far beyond 
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the proper limit. The front portion of the tube is first 
heated to a faint redness, and the ignition gradually con- 
tinued along its entire length. If almost all the carbon 
and hydrogen are in this manner oxidized to carbon di- 
oxide and water, indicated by the retreating (sucking 
back) of the potassium into the large bulb, connect the 
drawn-out point of the tube with an oxygen gasometer^ 
and continue heating for a quarter of an hour, with a slow 
current of oxygen passing through the tube. Now inter- 
rupt the combustion, and ascertain the increase in weight 
of the calcium chloride tube and both vessels intended for 
the absorption of the carbon dioxide. 

When there is a high percentage of ash, and in the 
presence of carbonates, regard must be paid to the in- 
structions on page 28r). 

Determinatimi of Nitrogen, — (See p. 288.) 

Determination of the Stilphur, — The process described 
on page 134 is very applicable in estimating the sulphur 
compounds (iron sulphide) contained in the material 
under investigation. A sample of the fuel is weighed* 
off in a porcelain or platinum boat, the latter shoved 
into a combustion tube, which is connected upon the 
one side with a gasometer filled with oxygen, upon the 
other with the absorption apparatus (p. 135) serving 
for the oxidation of the sulphur. On heating the sam- 
ple in the boat in the oxygen stream, all the sulphur will 
be oxidized to sulphurous acid, which is conducted into 
a bromine solution and changed to sulphuric acid, and 
determined as barium sulphate (p. 136). 

-- - — — — — 

* To analyze the ash, take for the determination about 1 
grms. of substance. 
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Analysis of the Ash, 

The residue from the above combustion will suffice for 
this analysis, which is executed as given on page 278. 

Determination of the Heating Power* Method of Ber- 

thier Based upon Welter's law, according to which the 

quantity of warmth which combustibles afford upon igni- 
tion is proportional to the oxygen which was required 
for the combustion of the carbon and hydrogen contained 
in them. Although Favre and Silbermann have shown 
that the law of Welter is not exactly correct, it gives 
sufficiently accurate results for the technical valuation of 
material intended for heating purposes. 

A gramme of the pulverized and dried material is 
placed in a crucible together with 40 grms. of litharge, 
and the mixture covered with 30 grms. more of the 
same substance, and gradually heated to a red glow, the 
entrance of reducing gases being avoided. The tem- 
perature must be so regulated that the litharge does not 
become liquid until the carbon has been burned. After 
ignition for three-quarters of an hour, the reduction will 
be complete. The liquid litharge is then either poured off* 
from the lead (see p. 186), or the crucible, that has cooled 
slowly, is broken open, and the reduced lead freed from 
adhering litharge. 

Thirty-four parts of reduced lead correspond to one part 

of pure carbon. If a represents the found quantity of 

a 
lead, qT 100 expresses the relation of the burning value 

of the fuel to that of the pure carbon. Was there, for 
example, after the reduction of 1 grm. of the fuel, 10 
grms. of metallic lead, its heating value would be 
^5 100 = 29.41 per cent, against that of the pure carbon. 
Forchhammer used a mixture of three parts of litharge 
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and one part of lead chloride, instead of the pure litharge, 
for the reduction. This in individual cases (e, g,^ turf 
and wood) answered better than the pure litharge. 

The presence of a large quantity of iron sulphide in the 
fuel renders the estimation inaccurate, because it has a 
reducing effect upon the litharge. 

Determining the Coke, — This estimation is usually so 
executed that 20-40 grms. of the coarsely powdered and 
dried material (125° C.) are heated in a well-closed cru- 
cible over the gas lamp as long as combustible gases escape 
between the crucible edge and cover. When the gas 
liberation has ceased, the yet hot crucible is placed in a 
desiccator, and its weight determined immediately after 
cooling. If it is expected to obtain accordant results by 
this process, care must be taken that all the samples are 
examined, if possible, under like conditions, as gas pres- 
sure, similar lamps, and in one and the same crucible. 



Soda Ash. 

For the valuation of the commercial soda, generally the 
amount of sodium carbonate is all that is estimated, for 
which purpose two different ways may be pursued. 
Either the carbon dioxide is determined, or the aqueous 
solution of the substance is neutralized with an acid of 
known strength, and the sodium carbonate calculated 
from the found dioxide or from the volume of the stand- 
ardized acid used. 

In regard to the first process, the carbon dioxide is gen- 
erally estimated by the loss of weight which the sample 
suffers when decomposed with acids, less frequently by the 
direct weighing of expelled carbon dioxide as described 
on page 33. 
26 
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Of the many proposed fonns of apparatus for determining 
the carbon dioxide by loss of weight, I will here mention 
more minutely only two — that of Fresenius and Will, and 
that of Mohr. 

Fig. 35. 




The first (Fig. 35) consists of two flasks, K and K', 
which are connected by the glass tube h. K contains the 
sulphuric acid, serving for the decomposition of the sample ; 
K' for the solution of the carbonate. The glass tube d is 
closed at its exterior end c with a wax-ball, or better with 
a little plug of wood or small glass rod; the tube a is open 
at both extremities. Fill K about half its volume with 
concentrated sulphuric acid, and K' to one-third its capa- 
city with water, introducing then into the latter flask the 
sample of the soda ash,* dried at 100° C, and determine 
the weight. 

The air in both vessels is diluted by sucking on a rub- 
ber tube attached at «, whereby a portion of the sulphuric 
acid passes over through 5, toward K', and the carbonate 
is decomposed. The liberated carbon dioxide must pass 
through the remaining sulphuric acid in K, as d is closed 



* The water in the soda is ascertained by igniting a separate 
portion. 
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at c. When the disengagement of gas in K' ceases, suck 
ogBin at a, and repeat this operation until all the sodium 
carbonate is fully decomposed. Finally all the sulphuric 
acid is allowed to pass over into K ; this is attended with 
such an increase in heat in the contents of the flask that 
the carbon dioxide absorbed by the liquid will be rapidly 
expelled. The obstruction at c is removed, and by suck- 
ing at a the carbon dioxide contained in the apparatus is 
replaced by atmospheric air. After cooling, weigh the 
apparatus. The difference between the two weights will 
represent the amount of carbon dioxide. 

Fig. 36. 



If the soda contains sulphides, sulphites or hyposulphites 
(commercial soda-ash), there escape, besides the carbon 
dioside, hydrogen sulphide and sulphurous acid. An ex- 
cess of potassium chlorate is added lo the solution of the 
sample, which oxidizes the above-mentioned gases to sul- 
phuric acid. In the presence of chlorides the resulting 
percenli^e is too liigh, due to the liberated hydrochloric 
acid gas, which may be avoided by the addition of silver 
nitrate. 
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In Fig. 36 is exhibited the construction of Mohr's ap- 
paratus, which may be particularly used to advantage if 
oxides are present, which form insoluble sulphates with 
the acid (e. ^., estimation of carbon dioxide in calcite). 
K is a flask of 100 C. C. capacity, intended for the de- 
composition of the substance; a contains hydrochloric 
acid ; h contains concentrated sulphuric acid. Proceed as 
before. Suck on the tube c, and at the same time open 
the pinchcock at d. The latter is closed immediately when 
sufficient hydrochloric acid has passed from a to K, 
whereby the carbon dioxide must stream through 6, and 
will be dried by the sulphuric acid. When the evolution 
of gas ceases, repeat the above, and finally permit the en- 
tire quantity of hydrochloric acid in a to enter the flask 
K. The pinchcock at d is opened ; the carbon dioxide 
remaining in the apparatus is removed by drawing upon c 
with the mouth. 

Another method of ascertaining the amount of carbon- 
ate in soda ash consists in using a standardized acid. 
The point of saturation is indicated by the litmus tincture, 
which has been added to the solution of the alkaline car- 
bonate, changing in color from blue to red. As we know 
accurately the quantities of the different oxides which are 
necessary to form neutral salts with a certain acid, the 
quantity of carbonate may be calculated from the volume 
of acid employed. 

For this purpose sulphuric, hydrochloric and oxalic 
acids are excellent. In manufactories, where similar de- 
terminations are daily executed, to escape any further cal- 
culation of the results, so-called normal acids are employed, 
i, e,j such as contain in 1 litre the molecule of the respective 
acid expressed in grammes. In using sulphuric or hydro- 
chloric acids the preparation of a normal liquid is intolera- 
bly difficult and laborious. One is invariably obliged to 
fix the standard of such a solution by means of a separate 
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experiment. As oxalic acid is gotten pure without much 
trouble, the use of it is preferable if it is desired to obtain 
an accurately standardized solution in a short time. A 
solution is usually employed which contains 6.3 grms. 
crystallized oxalic acid (Cflfi^ + 2HjO), and in certain 
cases one which has 0.63 grm. oxalic acid in a litre of 
water. Sulphuric acid and hydrochloric acid are generally 
made j^^ normal. This strength is approximately reached 
when sulphuric acid of sp. gr. 1.032^ or hydrochloric acid 
of sp. gr. 1.018 are used. 

Standardization of the Acid, — Chemically pure dry so- 
dium carbonate will serve to begin with. As it is difficult 
to obtain it perfectly pure, the hydrocarbonate (sodium 
bicarbonate) is converted by gentle ignition into the neu- 
tral salt, and a weighed quantity (about 1 to 1.5 grms.) 
of the latter dissolved in water. This solution is mixed 
with some litmus tincture* (it is always advisable to add 
the same volume both in the standardization and in the 
subsequent analysis), and the acid to be titrated passed in 
gradually from a burette, until a slight reddening of the 
liquid occurs, then boil. By boiling, the carbon dioxide 
absorbed by the liquid, and which influenced the coloration 
of the litmus, will be expelled, and the liquid again become 
blue. Another portion of the acid is added, and the boiling 
repeated. Finally a point is reached when the next drop of 
acid will. permanently redden the liquid, and the color not 
disappear, even upon protracted boiling. This point in- 
dicates the close of the reaction. 

* Treat the litmus cubes of commerce with alcohol, decant 
this and extract the residue with water. Acidify the aqueous 
solution with a few drops of sulphuric acid, and add an excess 
of barium hydrate. This latter substance is removed by con- 
ducting carbon dioxide into the solution, which is boiled and 
filtered. The litmus is kept in open vessels. 

26* 
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This method of standardization is rather tedious and 
time-consuming, and is especially not to be recommended 
if we have no idea of the amount of the acid present 
(in the application of the method, the amount of car- 
bonate), and cannot calculate approximately the volume 
required for the decomposition. It is generally preferred 
(and this process is also more accurate) to add an excess 
of acid, and titrate this with an alkali solution of known 
strength. Mohr use^ sodium hydrate for this purpose, 1 
C. C. of which neutralizes a« equal volume of acid. 
Such a solution possesses a specific gravity of 1.25, if acids 
of the above strength are taken. The sodium hydrate 
possesses the misfortune of invariably containing more or 
less carbon dioxide, which is liberated upon the addition 
of an acid and acts upon the color of the litmus tincture. 
If sodium hydrate is replaced by ammonium, the change 
from blue to red and the reverse will be quickly indicated, 
as no free carbon dioxide is present to cause any hindrance. 
The only inconvenience opposing the application of am- 
monium is its volatility. This, however, is easily avoided 
if a more dilute solution, one of about 0.993 specific gra- 
vity, is used. 

The relation of the acid to the ammoniacal liquid (or 
sodium hydrate) is first fixed, by neutralizing a measured 
volume of the acid, mixed with litmus tincture, with am- 
monium hydrate until the red color changes to blue ; then 
calculate from this how many C. C. of ammonium hydrate 
1 C. C. of the acid equals. For the standardization of 
the acid, add an excess of the latter to the solution of 
sodium carbonate, and titrate the excess (when ammonium 
hydrate is used, not until the liquid is cool) with sodium 
or ammonium hydrate. It is superfluous to mention, that 
sodium or ammonium hydrate is added until the color of 
the liquid changes from red to blue. 
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If « C. C. of ammonium hydrate were used for the 
saturation of m C. C. of the acid, 1 C. C. of the acid will 

correspond to — C. C. ammonium hydrate. Were r C. C. 

m 

used for the supersaturation of the sodium carbonate solu- 
tion, and for the titration of the excess t C. C. of ammo- 

nium hydrate, which would equal — t C. C, there must 

n 

have been necessary for the neutralization of the sodium 

carbonate r 1 C. C. acid. If the latter is expressed by 

n 

V, and if a grms. sodium carbonate have been used in the 
experiment, 1 C. C. of the acid will correspond to — grms. 

V 

sodium carbonate. From this the amount of anhydrous 
acid in 1 C. C. may be readily calculated. If, for example, 
in using sulphuric acid 1 C. C. of it equals a grms. sodium 
carbonate, the quantity of anhydrous sulphuric acid in 1 
C. C. is calculated from the proportion — 

Na^COj : SOg : : a : x. 

The estimation of the quantity of sodium in any sample 
of soda is made exactly as in the standardization of the 
acid. 

If the soda contains sodium hydrate^ sulphide or hypo- 
sulphite, these are decomposed by the acid in titration, and 
incorrectly brought into the equation as sodium carbonate.* 

To estimate sodium hydrate in the presence of sodium 
carbonate, precipitate the aqueous solution of the soda ash 
with an excess of barium hydrate, and determine the 
sodium hydrate in the filtrate, or an aliquot portion of it, 
with an acid of known strength. Follow the above in- 
structions. 



* If a hyposulphite is not present, the other sulphur com- 
pounds can be oxidized with potassium chlorate and the aqueous 
solution of the residue titrated. 
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Both sodium sulphide and hyposulphite may be deter- 
mined with an iodine solution of known strength (p. 253 
and p. 95). The solution of a second portion is, for this 
purpose, acidified with acetic acid, starch paste added and 
then titrated with an iodine solution, thus ascertaining the 
quantity of hydrogen sulphide and hyposulphurous acid. 
A second portion is precipitated with an ammoniacal zinc 
solution or manganous sulphate ; the sulphide of zinc or 
manganese is filtered off and the hyposulphurous acid de- 
termined with an iodine solution in the filtrate. 

The quantity of the iodine solution required in the de- 
composition of the sodium sulphide is expressed by the 
difference. 

Instead of deducting the C. C of the normal solution 
corresponding to the amounts of sodium sulphide, etc., and 
calculating the sodium carbonate from the remainder of 
the used acid, it is sometimes preferred to estimate the 
sodium carbonate by a direct determination. For this 
estimation the precipitate of barium carbonate as above 
obtained is particularly adapted, the carbon dioxide in it 
being either determined with standardized hydrochloric 
acid or gravimetrically after the method given on page 33. 

Fresenius* combines the carbon dioxide determination 
with that of the sodium sulphide, and uses an apparatus 
similar to that described on page 34. For the experiment 
a weighed sample of the soda is decomposed with hydro- 
chloric acid in the flask. To condense the acid volati- 
lized in the subsequent boiling, the bulb-shaped tube h is 
replaced by a vertical cooler (see Fig. 21, p. 228). The 
tubes/ and g are arranged as before. To absorb the hy- 
drogen sulphide, g is connected with two V-shaped tubes 
containing calcium chloride and pumice-stone filled with 
copper sulphate. These are joined to the soda-lime tubes 

* Zeitschrift fiir analytische Chemie, Jahrgang 10, p. 75. 
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h and I. The remaining parts of the apparatus described (p. • 
34) are not altered. The pumice-stone is filled with copper 
sulphate by saturating small pieces of the former with the 
latter (60 grms. pumice-stone and about 30 grms. copper 
sulphate), this then evaporated to dryness. The dry 
pieces are heated about four hours at 150°-160° C, then 
placed in closed vessels for preservation. The two tubes 
are filled the same as the soda-lime tubes (f copper sul- 
phate pumice-stone and ^ calcium chloride). Proceed 
just as on page 35, with the difference that for the expul- 
sion of the hydrogen sulphide the liquid contained in K 
must be boiled continuously for some time with a stream 
of air constantly passing through it. From the increase 
in weight of the tubes filled with copper sulphate pumice- 
stone and the two soda-lime tubes, we obtain the quantity 
of hydrogen sulphide and carbon dioxide. 

If the soda contains a hyposulphite, care must be taken 
that this is decomposed by hydrochloric acid, with the 
formation of sulphurous acid. This would also be ab- 
sorbed by the soda-lime and calculated as carbon dioxide. 
To render the method applicable under such circumstances, 
place between the second tube containing CuSO^ pumice- 
stone, and the soda-lime tube w, a tube filled with chromic 
acid (see p. 223), and add another calcium chloride tube. 

The soda of commerce always contains sodium chloride 
and sulphate, which are estimated in the usual manner. 
In the volumetric determination of hydrochloric acid with 
silver nitrate (p. 44), the solution of the substance is 
first neutralized with nitric acid, so that the liquid is only 
very slightly alkaline. 

Pearl Ash. 

Here the same determinations as in the preceding ex- 
ample are necessary. If soda is mixed with the pearl ash 
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the titration with an acid is useless ; the quantity of potas- 
sium carbonate in the presence of sodium carbonate must 
now be determined. To this end acidify the aqueous solu- 
tion of the pearl ash with acetic acid, heat until the carbon 
dioxide is expelled, and precipitate the hot solution with 
lead acetate. After cooling reduce the liquid to a definite 
volume, and as soon as the precipitate has subsided pipette 
off a certain amount, which is treated with hydrogen sul- 
phide to precipitate the excess of lead. The filtrate is 
evaporated to dryness in a platinum dish with addition of 
hydrochloric acid, and the sum of the alkaline chlorides 
ascertained (p. 26). The potassium chloride may be 
determined with platinic chloride (p. 42), or the chlorine 
(gravimetrically or volumetrically) estimated (p. 17 and 
p. 44), and from the found chlorides the corresponding 
carbonates calculated. 



Crude Tartar and other Salts imparting an 

Acid Reaction. 

To estimate the potassium hydrotartrate in crude tartar, 
titrate the aqueous solution of the same with sodium or 
ammonium hydrate. The amount of sodium and ammo- 
nium in their solutions is ascertained by an acid of known 
strength (p. 305). 

The tartar is dissolved by boiling with a sufficiently 
large quantity of water and filtering off the residue of 
silicic acid. The filtrate is mixed w^ith litmus tincture, 
and the alkaline solution (when cold, if ammonium hy- 
drate is employed) added until the red color changes to 
blue. 

In certain varieties of crude tartar no blue coloration 
occurs, but green instead, which indicates the final reac- 
tion fully as well. 

The sodium or ammonium liquid of known strength can 
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likewise be used in estimating other salt solutions having 
an acid reaction, e. g,^ the estimation of potassium or so- 
dium hydrosuiphates, potassium hydro-oxalat«, etc., and of 
course also for the estimation of free acids — sulphuric, 
hydrochloric, nitric, oxalic, citric, etc. 



Soap. 

In the valuation of soap the quantity of alkali, fat and 
moisture is to be determined. 

The first of these may be accomplished by titration with 
sulphuric or hydrochloric acid. A weighed sample of the 
soap is dissolved in water, and so much acid added from a 
burette, until a drop of the liquid placed on litmus paper 
produces a red spot. If this operation occurs in a weighed 
porcelain dish, the same sample will suffice for the estima- 
tion of the amount of fat. The liquid neutralized with 
acid is allowed to cool, then decanted from off the solidified 
fat and the latter warmed with distilled water to remove 
the final traces of alkali inclosed in it. After cooling de- 
cant the water and dry the fat in a porcelain dish at 110° 
C, until constant weight is secured. 

If the soap contains soda, the latter is determined by 
the estimjition of the carbon dioxide (p. 33 or p. 302). 
Or, a weighed sample of the soap may be exhausted with 
absolute alcohol, and the insoluble sodium carbonate dis- 
solved in water after filtering, and determined volumet- 
rically. 

The amount of water in soap is ascertained by drying a 
portion of the latter at 1100-120° C. 

Nitre (Saltpetre). 

Composition. — Potassium nitrate, together with nitrates 
of sodium, calcium and magnesium, and alkaline chlorides 
and sulphates. 
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If the saltpetre contains no other nitrates, the quantity 
of potassium nitrate is calculated from the nitric acid 
present. 

[Another method of determining nitric acid may be in- 
serted here. 

It has been found that a thin plate of zinc, coated with 
copper (formed by placing the former metal in a solution 
of copper for a few minutes) decomposes water, particu- 
larly on warming, with the formation of zinc hydrate and 
the evolution of hydrogen. 

The hydrogen so eliminated is capable of reducing nitric 
acid in combination to the state of ammonia — 

NO,K + 4H, = NH, + HKO + 2H,0. 

This reaction constitutes the basis of a method of deter- 
mining nitric acid in nitrates. 

About 25 to 30 grms. of thin sheet zinc are placed in 
a flask of about 200 C. C. capacity, and covered with a 
moderately concentrated and slightly warmed solution of 
copper sulphate. In about ten minutes a thick spongy 
coating of copper will be deposited on the zinc ; the liquid 
is poured off the metals, which are now well washed with 
cold water, and covered with about 40 to 50 C. C. of pure 
water. Weigh out about 0.5 grm. of pure nitre into the 
flask, which is then placed in a sand-baih and connected 
with a condensing arrangement. The liquid is gradually 
heated to boiling and distilled for about an hour. The 
distillate is poured from a receiver, and evaporated to 
dryness in a porcelain basin over the water-bath with 
an excess of platinum tetrachloride, and the double salt 
treated as usual.] 

Or, as already mentioned on page 242, the nitrates are 
decomposed by ferrous salts in the presence of hydrochloric 
acid, with the formation of ferric oxide, water and nitrogen 
oxide. To estimate the nitric acid, heat a sample of the salt 
with exclusion of air (see Fig. 5) together with a weighed 
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quantity in excess of iron or ferrous ammonium sulphate (p. 
77), and add hydrochloric acid. When the decomposition 
is complete, determine the remainder of the unoxidized 
ferrous salt with permanganate or potassium bichromate 
(p. 75 and p. 79), or determine directly with stannous 
chloride the ferric oxide that has been formed (p. 80). 
The calculation is readily made from the formula (p. 242). 

When the valuation of saltpetre is to be determined, 
which contains not only potassium nitrate but also other 
nitrates, the preceding method is not applicable. Nothing 
other than a potassium determination is to be relied upon. 
The nitrates are for this purpose converted into chlorides, 
which is accomplished by repeatedly evaporating them to 
dryness with fuming hydrochloric acid or by several igni- 
tions with ammonium chloride. The potassium is deter- 
mined as double chloride of platinum and potassium. (See 
p. 42.) 

If compounds of calcium and magnesium are present, 
they must be first removed (p. 45). 

The sulphuric and hydrochloric acids are determined 
according to page 15 and page 17. 

The moisture is ascertained by drying the samples at 
120° C. 

Gunpovrder. 

Composition, — Nitre, carbon, sulphur (and water). 

The usual method for the analysis of gunpowder consists 
in dryibg a sample over concentrated sulphuric acid in a 
desiccator or at 70*^ C, and washing it upon a weighed 
filter with hot water to perfectly remove the nitre. The 
filtrate is evaporated to dryness in a weighed platinum 
dish, the residue dried at 120° C. and weighed. The dif- 
ference in weight represents the total amount of carbon and 
sulphur. To estimate the latter exhaust the dried residue 
27 
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with carbon disulphide or with ammonium sulphide. The 
sulphur may also be calculated by difference if the carbon 
dried at 100° C. is ascertained, or in using carbon disul- 
phide the filtrate is evaporated to dryness and the residual 
sulphur dried carefully at 70° C. and weighed. 



[ Use of Platinum Vessels. 

As platinum vessels are so commonly used, the subscribed 
notes should be observed. 

The following bodies should not be treated in platinum 
vessels : — 

1. The caustic alkalies as well as baryta and strontia 
and their nitrates at a red and melting heat. 

2. Fusible metallic sulphides or mixtures of sulphides 
with carbon ; thus, in particular, the alkaline sulphides. 

3. Phosphates and carbon, which at a high heat give 
rise to platinum phosphide. 

4. Metals that are easily fused, or mixtures of the oxides 
with substances which reduce them (carbon). These 
form fusible alloys with platinum. 

, 5. Chlorine, and all mixtures that liberate chlorine, 
either in the cold or by heat ; for instance, fusible mixtures 
of a metallic chloride and a nitrate, of ammonium sulphate 
and chloride. 

Platinum crucibles may be cleaned by fusing borax or 
potassium bisulphate in them. They are afterwards di- 
gested in dilute acid, or scoured with fine round sand and 
water.] 
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TABLES FOR THE CALCULATION OF ANALYSES. 



Aluminum . 
Aluminum oxide . 
Antimony 
Antimoniate of teroxide 

of antimony . . 
Antimony sulphide 
Arsenic 
Magnesium pyro-arsenate 

Ammonium -magnesium 
arsenate . 

Barium 

Barium sulphate . 

Barium silico-fluoride . 

Beryllium 

Bismuth 

Bismuth oxychloride 

Boron .... 

Boracic acid . 

Boro-fluoride of potassium 

Bromine . . ' . 
Silver bromide 
Cadmium 
Cadmium oxide . 

Cadmium sulphide 

Caesium 
Calcium 
Calcium oxide 

Calcium carbonate 

Calcium sulphate . 

Cerium 
Chlorine 



Atomic and molecular 
weight. 



100 parts con- 
tain 



Al 27.3 

AlA 102.48 
Sb 122 

SbO, 154 
Sb,S3 340 
As 74.9 
Mg^As^O, 309.4 

2MgO(NH,),0 + 
As^Oj+HjO 379.34 

Ba 136.8 

BaSO^ 232.62 

BaSiFlg 279.4 

Be 9.3 
Bi210 
BiOCl 261.5 
B 11 
B,03 70 

KBFl^ 126.1 

80 

AgBr 188 
Cd 112 
CdO 128 

CdS 144 

Cs 133 
Ca40 
CaO 56 

CaCOs 100 

CaSO^ 136 

Ce 92.16 
CI 35.5 



53.28 Al 



79.22 Sb 
71.76 Sb 

48.42 As 
39.49 As 
60.53 AsjOj 
80.44 AsjOj 

58.81 Ba 
65.67 BaO 
48.96 Ba 
54.67 BaO 



80.30 Bi 



31.42 B 
8.73 B 
27.75 BjOj 



1 



42.55 Br 



87.50 Cd 
77.77 Cd 
88.88 CdO 



1 



71.42 Ca 
40.00 Ca 
56.00 CaO 
29.41 Ca 
41.17 CaO 
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Tables for the CcUculatton of Analt/ses-^Qontinued. 





Atomic and molecular 


100 parts con- 




weight. 


tain 


Silver chloride 


AgCl 143.5 


24.73 CI 


Carbon 


C 12 




Carbon dioxide 


CCL44 
CaCOa 100 


27.27 C 


Calcium carbonate 


44.00 COj 


Chromium . 


Cr 52.4 




Chromic oxide 


CrA 


68.57 Cr 
f 20.67 Cr 
^ 29.54 Cr^O, 


Barium chromate . 


BaCrO^ 253.4 






39.62 CrOj 






16.20 Cr 


Lead chromate 


PbCrO^ 323.4 


■ 23.62 Cr^Oj 
1 31.04 CrO. 

V V 






Cobalt .... 


Co 59 


• 


Cobaltous oxide . 


CoO 75 


78.66 Co 


Copper 


Cu 63.3 




Cupric oxide 


CuO 79.8 


79.82 Cu 


Copper sulphide . 


CujS 158.6 


79.82 Cu 


Didvmium . 
Erbium 


Di 94.96 




E 112.6 




Fluorine 


F119 




Calcium fluoride . 


CaFl, 78 


48.71 Fl 


Gold .... 


Au 196.7 




Hydrogen 

W ater .... 


HI 
Hfi 18 


11.11 H 


Iodine .... 


I 127 




Silver iodide 


Agl 235 


54.04 I 


Falladious iodide . 


Pdl^ 360.5 


70.45 I 


Indium 


In 113.4 




Iridium 


Ir 196.8 




Iron .... 


f Fe 56 

\ FcjOj 160 


70 Fe 


90 FeO 


Lanthanum . 


La 92.8 




Lead .... 


Pb 207 




Lead oxide . 


PbO 223 


92.82 Pb 


" chloride 


PbCl, 278 


f 74.46 Pb and 
1 80.21 PbO 


** sulphide 


PbS 239 


] 86.61 Pband 
1 93.29 PbO 


" sulphate 


PbSO^ 304 


(68.31 Pband 
[ 73.59 PbO 
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Tables for the Calculation of Analyses — continued. 



Lithium 

Lithium chloride . 

Lithium sulphate . 

Magnesium . 
Magnesia 

*' pyrophosphate 

Manganese . 

Manganese sulphide 



Manganese protosesqui- 
oxide 



Mercury 

*' sulphide . 


Hg 200 
HgS 232 


Mercurous chloride 


HgCl 235.5 


Molybdenum 

** sulphide . 
Nickel .... 


Mo 95.6 
M0S3 191-6 
Ni59 


Nickelous oxide . 


NiO 75 


Niobium 
Nitrogen 


Nb94 
N f4.01 


Ammonium chloride 


NH^Cl 53.38 


Am. plat, chloride 


N.HgPtCl 444.94 


Osmium . . . 


Os 198.6 


Oxygen 
Palladium . 


16 

Pd 106.5 


Phosphonis . 


P 30.96 


Magnesium pyrophos- 
phate 


iMgjP.O^ 221.52 


Calcium phosphate 


CajPjOg 309.30 



Atomic and molecular 
weight. 



Li 7 
LiCl 42.5 

Li.,S04 110 

Mg 24 
MgO 40 

Mg^P^O, 222 

Mn 55 

MnS 87 

I MujO^ 229 



100 parts con- 
tain 



16.47 Li 
35.29 LijO 
12.72 Li 
27.27 Li,0 
77.27 LiCl 



I 



60.00 Mg 
21.62 Mg 
36.03 MgO 



63.21 Mn 
81.60 MnO 
90.80 MujO, 
72.05 Mn 
- 93.01 MnO 
[l03.49Mn2O, 



1 



86.20 Hff 
84.92 Hg 
84.92 



49.90 Mo 
78.66 Ni 



26.24 N 
31.87 NH3 
'6.297 N 
7.65 NH, 
8.09 NH4 






27.95 P 
63.98 P^Og 
85.59 PO4 
45.82 P.P5 
63.24 HjPO^ 



27* 
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Tables for the Calculation of Analyses — continued. 



\ 



Platinum . • 
Potassium 
Potassium chloride 

Potassium sulphate 



Potassium plat, chloride 



Rhodium 
Rubidium 
Ruthenium . 
Selenium 
Silver . 

'* chloride 
Silicon . 
Silicic acid . 
Sodium 

*' chloride 

** sulphate 
Strontium 

* ' sulphate 

Sulphur 



Barium sulphate 



Tantalum 

Tellurium 

Thallium 

Thorium 

Tin . 

Tin oxide 

Titanium 

Titanic acid 

Tungsten 

Tungrstic acid 

Uranium 



Atomic and molecular 
weight. 



Pt 197 
K 39.04 
KCl 74.41 

K,SO^ 173.9 



KjPtCl, 487 

Rh 104 
Rb 85.4 
Ru 104 
Se 79.4 
Ag 107.6 
AgCl 143.03 
Si 28 

SiOj 59.92 
Na 22.99 

NaCl 68.36 

Na^SO^ 141.80 
Sr87.2 
SrSO^ 183.02 
S 31.98 

BaSO^ 232.62 

Tal82 
Te 128 
T1204 
Th 115.6 
Sn 118 
SnO^ 150 
Ti50 
TiO^ 82 
W 184 
WO3 231.88 
Ur 120 



100 parts con- 
tain 



52.47 K 
63.19 K2O 
44.89 K 
54.08 KjO 
16.03 K 
19.31 Kfi 
30.56 KCl 
35.71 KjSO^ 



75.27 Ag 
46.73 Si 



39.39 Na 
53.07 Na^O 
32.42 Na 
43.68 Na^O 

47.64 Sr 
56.36 SrO 



13.75 S 
34.33 SOj 
41.19 SO^ 



78.68 Sn 
60.97 Ti 
79.35 W 



t. 

1 1 

i 

,! 



1 1 

ll 
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Alaminum. 

determination of, 37 

in substahoes not decomposed 
by aoids, 141 
separation of, from arsenic, 87 

from calcium, 114, 127 

from chromium, 89 

from copper, 87 

from iron, 82, 90, 268 

from mercury, 192, 193 

from phosphoric acid, 83, 115, 
268 

from potaFsium, 37 

from titanium, 213 

from zinc, 149 

Antimony. 

determination of, as the onti- 
moniate of the terozide, 53 
as sulphide, 52 
yolumetrio determination, 179, 

204 
separation of, from arsenic, 66, 
70, 165, 200, 201 
from bismuth, 169 
from cadmium, 112 
from cobalt, 169 
from copper, 112, 169 
from iron, 169, 213 
from lead, 52. 166 
from nickel, 169 
from selenium, 195 
from silver, 169 
from tin, 65 
from sine, 169 

Arienio. 

determination of, as ammon- 
magnesium arseniate, 69 
as arsenic sulphide, 67 
as mngnesium arsenate, 69 
separation of, from aluminum, 
87 






Arsenic, separation of — 

from antimony, 67, 70, 165, 

200, 201 
from bismuth, 169 
from calcium, 87 
from cadmium, 112 
from cobalt, 169 
from copper, 87, 169 
from iron, 87, 169 
from magnesium, 87 
from manganese, 87 
from nickel, 169 
from selenium, 195 
from silver, 169 
from tin, 66 
from zinc, 169 

Barinxn. 

determination of, as carbonate, 
17 
as chromate, 27 
as sulphate, 17 
separation of, from the alkalies, 
45, 103 
from calcium, 27, 29, 103 
from cobalt, 103 
from magnesium, 29, 103 
from manganese, 103 
from nickel, 103 
from selenium, 195 
from strontium, 29, 279 
from sulphuric acid, 40 
from uranium, 195 
separation of barium sulphate 
from silicic acid, 139 

BiBmnth. 

determination of, as metal, 56, 
67 
as oxide, 56 
as ozychloride, 58 
separation of, from antimony, 
arsenic, 169 
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INDEX. 



Bismuth, 
from 
from 
from 
from 
from 
from 
from 
from 
from 
from 
from 



separation of — 
cadmium, 64 
copper, 58, 202 
lead, 55 

mercury, 65, 193 
molybdenum, 174 
phosphorus, 174 
selenium, 195 
silver, 202 
tellurium, 194 
tin, 64 
vanadium, 175 



Boron. 

determination of boracio acid, 

121, 129 
separation of boracic acid from 
bromine, fluorine, iodine, 
262 
from the oxides, 120 
from silicic acid, 154 

Bromine. 

determination of, in presence of 
chlorine, 265 
vol u metrically, by means of 
chlorine water, 265 
separation of, from boracic acid, 
262 
from iodine, 265 

Cadmium. 

determination as oxide, 64 

as sulphide, 65 
separation of, from antimony, 
112 

from arsenic, 112 

from bismuth, 64, 202 

from copper, 108, 202 

from lead, 64 

from tin, 64 

from zinc, 108 

Calcium. 

determination as carbonate, 13 

as oxide, 14 

as sulphate, 114 
separation of, from the alkalies, 
105, 114 

from aluminum, 114, 127 

from arsenic, 87 

from barium, 27, 29, 103 

from boracic acid, 120 

from chromium, 89 

from cobalt, 105 

from copper, 87 



Calcium, separation of — 
from gold, 158 
from iron, 71, 73, 1 14 
from magnesium, 29, 32, 74, 

114 
from manganese, 74, 128, 137 
from mercury, 192, 193 
from nickel, 104 
from phosphoric acid, 83, 114, 

115 
from selenium, 195 
from strontium, 28 
from sulphuric acid, 29 
from tungsten, 197, 198 
from uranium, 196 
from zirconium, 155 

Carbon, 
determination of, in nitroge- 
nous substances, 286, 297 
in cast iron by ignition in an 

oxygen stream, 221 
according to the method of 

Weyl, 224 
according to the method of 

Berzelius, 226 
according to Wohler, 226 
by means of chromic acid, 

229 
colorimetric determination in 

cast iron, 231 
in presence of graphite, 227 
determination of graphite in 
cast iron, 227 
of the heating power and the 
coke yield of fuel, 300, 301 
of organic matter by loss 

upon ignition, 143, 283 
in well and mineral waters, 
249, 261, 267 
determination of oxalic acid, 

287 
volumetric determination, 311 
of uric acid, 288 
of citric acid, 311 
of tartaric acid, 311 
determination of fatty acids, 

311 
separation of, from silver chlo- 
ride, 176 
from silicic acid, 206 
determination of carbon dioxide 
by absorption by soda- 
lime, 33 
from loss upon ignition, 113 
in mineral water, 256, 259 
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Carbon, determination of — 

in mineral waters super^atn- 
rated with carbon dioxide, 
260 
in presence of hydrogen sul- 
phide, sulphurous acid, and 
hyposulphurous acid, 303, 
308 
Tolumetric determination, 304 

Chlorine. 

determination of the hydrochlo- 
ric acid as silver chloride, 
17 
in substances insoluble in 
water, 117 

volumetric determination, 43, 
311 

separation of hydrochloric acid 
from hydrobromic acid and 
hydriodic acid, 265 . 

Chromium. 

determination as barium chro- 

mate, 89 
as oxide, 29 
in substances not decomposed 

by acids, 89 
separation of, from aluminum, 

89 
from calcium, 89 
from iron, 89, 213 
from lead, 30 
from magnesium, 89 
from manganese, 89 
from potassium, 31 
from titanium, 213 

Cobalt. 

determination of, as metal, 22 
indirect determination as ni- 
trite of the sesquioxide of 
cobalt and potassium, 22 
with mercurons nitrate, 168 
separation of from the alkalies, 
105 
from antimony, 169 
from arsenic, 169 
from barium, 103 
from calcium, 105 
from copper, 103 
from gold, 158 
from iron, 62 
from magnesium, 104 
from manganese 104, 149, 
214 



Cobalt, separation of — 
from mercury, 192 
from molybdenum, 174 
from nickel, 61, 167, 104 
from phosphorus, 174 
from selenium, 195 
from uranium, 196 
from vanadium, 174 
from zinc, 168 

Copper. 

determination as metal, 48, 58, 
161 

as cupric oxide, 14 

as sulphide, 48 

Tolumetric determination by 
means of sodium hyposul- 
phite, 162 

with potassium cyanide, 162 
separation of, from the alkalies, 
103 

from aluminum, 87 

from antimony, 112, 169 

from arsenic, 87, 169 

from barium, 103 

from bismuth, 58, 202 

from cadmium, 108, 202 

from calcium, 87 

from cobalt, 103 

from gold, 158 

from iron, 87 

from lead, 49, 63 

from magnesium, 87 

from manganese, 87, 215 

from mercury, 192, 193 

from molybdenum, 174 

from nickel, 60 

from phosphorus, 174 

from selenium, 195 

from silver, 47, 202 

from tin, 59, 63 

from tungsten, 198 

from vanadium, 174 

from zinc, 50, 51 
determination of cuprous oxide, 
209 

in the presence of sulphur, 
209 

Flnorine. 

determination of, 115 
separation of, from boracic acid , 
262 
from the oxides, 115 
from phosphoric acid, 116 
from silicic acid, 116 
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INDEX. 



Gold. 

determination of, 158 
separation of^ from the alkalies, 
158 

from barium, 158 

from oaloium, cobalt, copper, 
iron, magnesium, manga- 
nese, 158 

from lead, 186 

from moljbdennm. 174 

from nickel, 158 

from phosphorus, 174 

from silver, 187 

from strontium, 158 

from tellurium, 194 

from Tanadium, 174 

Hydrogen, 
determination of, in organic 

compounds, 297 
determination of water from the 

loss on ignition, 16 
direct determination, 36 

in substances containing am- 
monia, 282 
of the total amount of solid 
constituents of water, 261, 
of the hardness, 238 
of the specific gravity, 257, 
258 

Iodine. 

determination of, as palladious 

iodide, 263 
Tolnmetric determination with 
chlorine water, 264 
with sodium hyposulphite, 264 
separation of, from boracic acid, 
262 
from bromine, 265 

Iron. 

determination of as ferric oxide, 
23 

of ferrous oxide in substances 
not decomposed by acids, 
150 

of ferrous oxide in mineral 
waters. 236, 255 

of ferric oxide in substances 
not decomposed byacids,85 
Tolnmetric determination of fer- 
ric oxide with stannous 
chloride, 80 

of ferrous oxide with potas- 
sium permanganate, 75 



Iron, vol. deterroinntion of — 
with potassium bichromate, 

79 
determination of ferric oxide in 

presence of ferrous oxide, 

86, 138 
of metallic iron in presence of 

ferric and ferrous oxides, 

138 
separation of from the alkalies, 

105 
from aluminum, 89, 90, 213, 

268 
from antimony, 169 
from arsenic, 87, 169 
from barium, 103 
from calcium, 32, 71, 73, 114 
from chromium, 89, 213 
from cobalt, 61 
from copper, 87 
from gold, 158 
from lead, 108 
from magnesium, 32, 71, 73 
from manganese, 71, 73 
from mercury, 192, 193 
from nickel, 61 
from phosphorus, 174 
from phosphoric acid, 83, 115, 

268 
from selenium, 195 
from tin, 70 
from titanium, 213 
from tungsten, 197 
from uranium, 196 
from zinc, 108 
from zirconium, 155 

Lead. 

determination of, as metal, 186 

as chloride, 30 

as sulphate, 49 

as sulphide, 30 
separation of, from antimony, 
52, 169 

from arsenic, 169 

from bismuth, 55 

from cadmium, 64 

from chromium, 30 

from cobalt, 208 

from copper, 49 

from gold, 187 

from iron, 108, 139 

from manganese, 108 

from mercury, 65, 193 

from molybdenum, 174, 188 

from nickel, 208 
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Lead, separation of— - 
from phosphorus, 174 
from selenium, 195 
from silver, 186 
from sodium, 174 
from tin, 54, 63 
from zinc, 49, 57 
separation of lead oxide from 

the tetrozide, 190 
of lead sulphate from silicio 

acid, 186 

Lithinm. 

determination of, as sulphate, 

106 
in substances not decomposed 

by acids, 144, 147 
separation of, from barium, 45, 

103 
from borncic acid, 120 
from calcium, 105, 114 
from cobalt, 105 
from copper, 103 
from gold, 158 
from iron, 105 
from magnesium, 272 
from manganese, 105 
from nickel, 105 
from phosphoric acid, 115 
from potassium, 106, 274 
from sodium, 274 
from uranium, 196 
from the remaining oxides by 

means of barium hydrate, 

271 

Magnesium. 

determination of, as pyrophos- 
phate, 17 
separation of, from the alkalies, 
271 

from arsenic, 87 

from barium, 29, 103 

from borncic acid, 122 

from calcium, 29, 32, 74 

from chromium, 89 

from cobalt, 105 

from copper,. 87 

from gold, 158 

from iron, 71, 73 

from manganese, 73, 137 

from nickel, 105 

from phosphoric acid, 83, 115 

from potassium, 45 

from selenium, 195 

from sodium, 45 

28 



Magnesium, iieparation of — 
from strontium, 29 
from tungsten, 197, 198 
from uranium, 196 

Manganese, 
determination of as protoses- 
quioxide, 21 

as binoxide, 137 

as sulphide, 21 
determination of manganese su- 
peroxide, 92 

of superoxide in presence of 
manganic oxide, 107 
separation of, from the alkalies, 
105 

from arsenic, 87 

from barium, 103 

from calcium, 74, 137 

from chromium, 89 

from cobalt, 104, 149, 214 

from copper, 87, 214 

from gold, 158 

from iron, 72, 73 

from lead, 108 

from magnesium, 74, 137 

from mercury, 192, 193 

from nickel, 104, 214 

from phosphoric acid, 83 

from tin, 130 

from tungsten, 197 

from uranium, 196 

from zinc, 109, 215 

Mercury. 

determination ns metal, 192 
as mercurous chloride, 192 
as sulphide, 65, 191 
separation of, from aluminum, 
192, 193 
from bismuth, 65, 193 
from calcium and iron, 192, 193 
from cobalt, 193 
from copper and manganese, 

192, 193 
from nickel and silver, 193 
from tin, 65 

Molybdeniim. 

determination as sulphide, 175 
separation of, from bismuth, co- 
balt, copper, gold, nickel, 
silver, 174 
from lead, 174, 187 
from phosphoric acid, 177 
from vanadium, 175 
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Hiekel. 

determination of, as metnl, 23 
separation of, from alkalies, 105 

from antimony, 169 

from arsenic, 169 

from barium, 103 

from calciam, 105 

from cobalt, 62, 104, 167 

from copper, 62 

from gold, 158 

from iron, 61 

from lead, 208 

from magnesium, 104 

from manganese, 104, 215 

from mercury, 193 

from molybdenum, 174 

from phosphorus, 174 

from selenium, 195 

from tin, 130 

from uranium, 196 

from vanadium, 175 

from zinc, 62, 168 

Kitrogen. 

determination of, 233, 288 

determination of nitrous acid, 
244, 247 

determination of nitric acid, 
242, 266, 311, 312 

determination of ammonia as 
double chloride with plati- 
num, 39 
as chloride, 39 

colorimetric determination, 247 
in substances containing pro- 
tein, 290 

separation of ammonium from 
the oxides, 37 

Phosphoras. 

determination in cast-iron, 221 
indirect determination of phos- 
phoric acid with ammonium 
molybdate, 26 
as magnesium pyrophosphate, 

25 
with metallic tin, 115, 280 
volumetric determination, 117 
in presence of aluminum and 

ferric oxides, 279, 280 
in presence of sulphuric acid, 
189 
determination in substances not 

decomposed by acids, 83 
separation of, from bismuth, co- 
balt, copper, gold, iron, 
lead, nickel, silver, sine, 173 



Phosphorus, separation of — 
from titanium, 214 
of phosphoric acid from the 

alkalies, 115 
from aluminum, 83, 115, 268 
from calcium, 83, 114, 115 
from fluorine, 115 
from iron, 83, 115, 268 
from magnesium, 83, 115 
from manganese, 115 
from molybdenum, 176 
from vanadium, 175 

Potasflium. 

determination as chloride, 31 

as potassium-platinum chlo- 
ride, 42 

as sulphate, 37 

in substances not decomposed 
by acids, 144, 147 
indirect determination of potas- 
sium chloride in presence of 
sodium chloride, 43 

of potassium sulphate in pre- 
sence of sodium sulphate, 
47 
volumetric determination of po- 
tassium carbonate, 309 
separation of, from aluminum, 
37 

from barium, 45, 103 

from boracic acid, 120 

from calcium, 105, 114 

from chromium, 3L 

from cobalt, 105 

from copper, 105 

from gold, 158 

from iron, 105 

from lithium, 106, 274 

from magnesium, 45, 271 

from manganese, 105 

from nickel, 105 

from phosphoric acid, 115 

from sodium, 41, 47 

from uranium, 196 

from all the remaining oxides 
by means of barium hy- 
drate, 271 

Selenium. 

determination as metal, 195 
separation of, from antimony, 
arsenic, barium, bismuth, 
calcium, cobalt, copper, 
iron, lead, magnesium, 
nickel, silver, strontium, 
vanadium, 195 
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Silieon. 
determination of silioic aoid, 

91 
in flilicates deoomposed by 

aoidff, 123 
in silioatea not decomposed by 

acids, 143 
separation of silicic acid from 

barium sulphate,. 139 
from boracic acid, 154 
from carbon, 206 
from fluorine, 116 
from gangne, 84 
from iron, 82 
from lead sulphate, 186 
from silver, 186 
from sulphur, 132 
from stannic oxide, 148 
from titanium, 125, 213 

Silver. 

determination ns chloride, 47 

by cupellation, 186 

of chloride in presence of 
silicic aoid, 185 

in presence of carbon, 176 
separation of, from antimony 
and arsenic, 170 

from bismuth, 202 

from copper. 47, 202 

from gold, 187 

from lead, 186 

from mercury, 193 

from molybdenum, 174 

from phosphorus, 174 

from selenium, 195 

from ranadium, 175 

Sodium, 
determination as chloride, 26 
as sulphate, 46 : 
of sodium chloride in presence 

of potassium chloride, 43 
in substiinces not decomposed 

by acids, 144, 147 
of sodium sulphate in presence 

of potassium sulphate, 47 
,of sodium carbonate in mine- 
ral waters, 272 
of sodium carbonate from car- 
bon dioxide liberated, 301 
determination of sodium carbo- 
nate in presence of sodium 
hydrate, 307 
Tolametric determination of so- 
dium carbonate, 304 



Sodium — 
separation of, from barium, 45, 

103 
from boracic acid, 120 
from calcium, 105, 114 
from cobalt, 105 
from copper, 106 
from gold, 158 
from iron, 105 
from lithium, 274 
from magnesium, 45, 271 
from manganese, 105 
from nickel, 105 
from phosphoric acid, 26, 115 
from potassium, 41, 45 
from the remaining oxides by 

means of barium hydrate, 

271 

Strontiam, 
determination of, as sulphate, 28 
separation of, from barium, 29, 
270 

from calcium, 28 

from gold, 158 

from magnesium, 29 

from selenium, 196 

from sulphuric acid, 29 

from uranium, 196 

Sulphur. 

determination of free, 313 
of sulphur in sulphide", 111, 
133. 156, 157, 170, 191, 220 
in fuel, 299 
determination of sulphuric acid 

as barium sulphate, 15' 
volumetric determination, 240, 
311 
in substances not decomposed 

by acids, 83 
in presence of hydrogen sul- 
phide, 255 
separation of sulphuric acid 
from barium, 40 
from calcium and strontium, 
29 
determination of hydrogen sul- 
phide, 134, 218 
Tolumetrically, 253 
gravimetrically in mineral 
waters, 255 
determination of hyposulphur- 
ous acid, 255 
in presence of hydrogen sul- 
phide, 255 



328 



INDEX. 



Tellnriam. 

deter minatton as metal, 194 
separation of tellarium from 
bismuth, 194 
from gold, 194 

Titanium. 

determination of, ns titanic acid, 

125 
sepnration of, from chromiam, 
iron, 213 
from silicic acid, 125, 213 
from aluminum and phospho- 
rus, 213 

Tin. 

determination of, as stannic ox- 
ide, 54 

in substances not decomposed 
by ncidp, 70 
sepnration of, from antimony,65 

from arsenic, 66 

from bismuth, 64 

from cadmium, 64 . 

from copper, 59, 63 

from iron, 70 

from lead, 54, 63 

from manganese, 130 

from mercury, 65 

from nickel, 130 

from silicic acid, 148 

from zinc, 63 

Tungsten. 

determination as tungstic ncid, 
197 
by means of mercufous ni- 
trate, 198 
separation of tungsten from cal- 
cium, 197, 198 
from copper, 198 
from iron, 197 
from magnesium, 197, 198 



Uranium, 
separation of, from manganese, 

197 
determination nsnranous oxide, 

196 
separation of, from the alkalies, 

alkaline earths, oobalt, 

iron, manganese, nickel, 

sine, 196 

Vanadium, 
determination as vanadic acid, 

176 
separation of, from bismuth, 175 
from cobalt, copper, .gold, 

lead, 175 
from molybdenum, 174 
from nickel, 175 
from phosphoric acid, 176 
from selenium, 195 
from silTer, 176 

Zinc. 

determination of, as oxide, 18 

as sulphide, 19 
volumetric determination, 110 
separation of, from aluminum, 
149 

from antimony, arsenic, 169 

from cadmium, 108 

from cobalt, 168 

from copper, 60, 61 

from iron, 108 

from manganese, 109, 214 

from nickel, 62, 168 

from phosphorus, 174 

from uranium, 196 

from tin, 63 

Zirconium. 

determination as oxide, 156 
separation of, from calcium, 166 
from iron, 155 
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Page 109, line 18 from above, read '* desirable" /or "preferable." 
" 300, ** 6 from below, read **'weTe^^for "was.** 
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-QAKA (JAMES D.) THE STRUCTURE AND CLASSIFICATION OF 

^ ZOOPHYTES. Withillu8t.onwood.Inoneimp.4to.vol. CI., $4. 
A7IS (F. H.) LECTURES ON CLINICAL MEDICINE. Second 
edition In one 12mo. volume of 287 pages. Cloth, $1 75. 

T\E LA BECH£*S GEOLOGICAL OBSERVER. InonelargeSvo.vol. 

^ of 700 pages, with 300 illustrations. Cloth, $4. 

TIUAPEB (JOHN C.) MEDICAL PHYSICS. A Text-book for Stu- 
dents and Practitioners of Medicine. In one handsome octavo vol* 
nme of 734 pages, with 376 illustrations. Cloth, $4. 

TJEUITT (ROBERT). THE PRINCIPLES AND PRACTICE OF MOD- 

^ ERN SURGERY. From the 8th London edition. In one octavo 
volume of 687 pages, with 432 illus. Cloth, $4; leather, $5. 

•nUNCAN (J. MATTHEWS) . CLINICAL LECTURES ON THE DIS- 

^ EASES OF WOMEN. Delivered in St. Bartholomew's Hospital. 
In one octavo volume of 175 pages. Cloth, $1 50. 

TITJNOLISOH (BOBLEY). MEDICAL LEXICON ; A Dictionary of 
Medical Science. Containing a concise explanation of the various 
subjects and terms of Anatomy, Physiology, Pathology, Hygiene, 
Therapeutics, Pharmacology, Pharmacy, Surgery, Obstetrics, Medi- 
cal Jurisprudence and Dentistry ; notices of Climate and of Mineral 
Waters ;Formul8Bfor0fficinal, Empirical and Dietetic Preparations; 
with the accentuation and Etymology of the Terms, and the French 
and other Synonymes. Edited by R. J. Dunglison, M.D. In one 
very large royal 8vo. vol. of 1139 pages. Cloth, $6 50 ; leather, 
$7 50; half Russia, $8. 

TPDES* TEXT-BOOK OF MATERIA MEDIC A AND THERAPEUTICS. 
In one 8vo. volume of about 600 pages, with illustrations. In press, 

PBIS (ARTHITB W.) DISEASES OF WOMEN. A Manual for Stu- 
dents and Practitioners. In one handsome 8vo. vol. of 576 pp., 
with 148 illustrationi.' Cloth, $3; leather, $4. 
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pLLIB (GEORGE YIHER). DEMONSTRATIONS IN ANATOMT. 

Being & Guide to the Knowledge of the Human Body by Dissection. 

From theeighth and reviFed English edition. In one octavo vol. of 

716 pages, with 249 illustrations. Cloth, $4 25 ; leather, $5 25. 
pMMET (THOMAS ADDIS). THE PRINCIPLES AND PRACTICE 
^ OF GTNiEGOLOGY, for the use of Students and Practitioners. l 

New (third) edition, enlarged and revised. In one large 8vo. 

volume of 880 pages, with 150 original illustrations. Cloth, $5,' 

leather, $6 ; half Russia, $6 50. 

pBICHSXN (JOHN E.) THE SCIENCE AND ART OF SURGERY. ^ 
A new American, from the eighth enlarged and revised London 
edition. In two large octavo volumes containing 2316 pages, with 
984 illus. Cloth, $9,* leather, $11; half Russia, raised bnnds, $12. 

pSMARCH (FBIEDEICH). EARLY AID IN INJURIES AND 

^ ACCIDENTS. In one small 12mo. volume of 109 pages, with 24 
illustrations. Cloth, 75 centd. 

pABQUHARSON (ROBERT). A GUIDE TO THERAPEUTICS. 
Third American edition, specially revised by the Author. Edited, 
with additions, embracing the U. S. Pharmncopoeia, by Frank Wood- 
bury, M.D. In one 12mo. volume of 524 pages. Cloth, $2 25. 

pENWICK (SAMUEL). THE STUDENTS' GUIDE TO MEDICAL 
DIAGNOSIS. From the third revised and enlarged London edi- 
tion. In one royal 12mo. volume of 328 pages. Cloth, $2 25. 

piNLAYSON (JAMES). CLINICAL DIAGNOSIS. A Handbook for 
Students and Practitioners of Medicine. New (Second) edition. 
In one 12mo. vol. of 682 pages, with 158 illustrations. Cloth, $2 50. 

pLINT (AUSTIN). A TREATISE ON THE PRINCIPLES AND 

■^ PRACTICE OF MEDICINE. Sixth edition, thoroughly revised 

and largely rewritten by the Author, assisted by William H. Welch, 

M.D , and Austin Flint, Jr., M.D. In one large 8vo. volume of 

1160 pnges, with illustrations. Cloth, $5 50; leather, $6 50 ; very 
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handsome half Russia, $7. 

A MANUAL OF AUSCULTATION AND PERCUSSION ; of the 

Physical Diagnosis of Diseases of the Lungs and Heart, aad of Tho- 
racic Aneurism. New (fourth) edition, revised and enlarged. In one 
handsome 12mo. volume of 240 pages. Cloth, $1 75. 

A PRACTICAL TREATISE ON THE DIAGNOSIS AND TREAT- 

MENT OF DISEASES OF THE HEART. Second edition, enlarged. 

In one octavo volume of 550 pages. Cloth, $4 00. I 

A PRACTICAL TREATISE ON THE PHYSICAL EXPLORA- | 



TION OF THE CHEST, AND THE DIAGNOSIS OF DISEASES 
AFFECTING THE RESPIRATORY ORGANS. Second and revised 
edition. In one octavo volume of 591 pages. Cloth, $4 50. 

— MEDICAL ESSAYS. In one 12mo. vol., pp. 210. Cloth, $138. 

— ON PHTHISIS: ITS MORBID ANATOMY, ETIOLOGY, 
ETC. A series of Clinical Lectures. In one 8vo. volume of 442 
pages. Cloth, $3 50. 

— THE PHYSICAL EXPLORATION OF THE LUNGS, BY 



MEANS OF AUSCULTATION AND PERCUSSION. In one 
small 12mo. volume of S3 pages. Clothi $1. 
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TH>LSOH (G. F.) An Abstract of Ststates of IT. 8. on Gastody of the 
Insane. In one 8vo. rol. of 108 pp. Cloth, $1 50. Also bound 
with Clouston on Insamty. 

pOSTER (MICHAEL). A TEXT-BOOK OP PHYSIOLOGY. New 
(third) American from the fourth English edition, edited by E. T. 
Rbichbrt, M.D. In one large 12mo. vol. of 908 pages, with 27] 
illustrations. Cloth, $S 25 ; leather, $3 75. 

A TEXT.BOOK OP PHYSIOLOGY. English Student»s edition. 

In one 12mo. yolume of 804 pages, with 72 illustrations. Cloth, $8. 

pOTHEROILL'S PRACTITIONER'S HANDBOOK OP TREATMENT. 
New (third) edition. In one handsome octavo volume of 664 pages. 
Cloth, $3 75. Just ready. 

pDWN£S(OE0BG£). A MANUAL OP ELEMENTARY CHEMISTRY 

''' (INORGANIC AND ORGANIC). New edition. Embodying Watts' 
Physical and Inorganic Chemistry. In one royal 12mo.vol. of 
1061 pages, with 168 illus., and one colored plate. Cloth, $2 75; 
leather, $3 25. 

pox (TILBURY) and T. COLCOTT. EPITOME OP SKIN DIS- 

^ EASES, with Pormulas. Por Students and Practitioners. Third 
Am. edition, revised by T. C. Poz. In one small 12mo. volume 
of 238 pages. Cloth, $1 25. 

pRANKLAND (E ) and JAP? (P. R.) INORGANIC CHEMISTRY. 
In one handsome octavo vol. of 677 pages, with 51 engravings and 
2 plates. Cloth, $3 75; leather, $4 75. . 

pULLER (HENRY). ON DISEASES OP THE LUNGS AND AIR 
PASSAGES. Their Pathology, Physical Diagnosis, Symptoms and 
Treatment. From2dEng.ed In I Avo. vol., pp. 475. Cloth, $3 50. 

niBNEY(V. P.) ORTHOPiBDIC SURGERY. Por the use of Proo- 
titioners and Students. In one 8vo vol. profusely illus. Prepg^ 

nlBSON'S INSTITUTES AND PRACTICE OP SURGERY. In two 
octavo volumes of 965 pages, with 34 plates. Leather, $6 50. 

pLUGE (GOTTLIEB). ATLAS OP PATHOLOGICAL HISTOLOGY. 
Translated by Joseph Leidy, M.D., Professor of Anatomy in the 
University of Pennsylvania, Ac. In one imperial quarto volume, 
with 320 copperplate figures, plain and colored. Cloth, $4. 

nOULD (A. PEABGE). SURGICAL DIAGNOSIS. In one 12mo. 
vol. of 589 pages. Cloth, $2. See Students* Series of Manualst p. 14. 

pRAY (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. 

^ Edited by T. Pickering Pick, P.R.C.S. A new American, from the 
tenth and enlarged London edition. To which is added Holden's 
*< Landmarks, Medical and Surgical,'' with additions by W. W. 
Keen, M.D. In one imperial octavo volume of 1023 pages, with 
564 large and elaborate engravings on wood. Cloth, $6; leather, 
$7 ; very handsome half Russia, raised bands, $7 50. 

pREEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY AND 

^ MORBID ANATOMY. 'Fifth American, from the sixth London 
'edition. In one handsome octavo volume of 582 pages, with 150 
illustrations. Cloth. $2 50. 

pREEHE (WILLIAM H.) A MANUAL OP MEDICAL CHEMISTRY. 
For the Use of Students. Based upon Bowman's Medical Chem- 
istry. In one 12mo. vol. of 310 pages, with 74 illus. Cloth, $175. 
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nRIFFITH (ROBERT E.) A UNIVERSAL FORMULARY, CON- 
^ TAINING THE MBTHODSOF PREPARING AND ADMINISTER- 
ING OFFICINAL AND OTHER MEDICINES. Thirdand^nlarged 
edition. Edited by John M. Maisch, Phar.D. In one large 8yo. 
vol. of 776 pages, double oolumns. Cloth, $4 50 ; leather, $5 60. 

ROSS (SAMUEL D.) A SYSTEM OF SURGERY, PATHOLOGICAL, 
DIAGNOSTIC, THERAPEUTIC AND OPERATIVE. Sixth edi- 
tion, thoroughly reyised. In two imperial octavo volumes contain- 
ing 2382 pages, with 1623 illustrations. Strongly bound in leather, 
raised bands, $16; very handsome half Russia, raised bands, $16. 

— A PRACTICAL TREATISE ON THE DISEASES, INJt- 
ries and Malformations of the Urinary Bladder, the Prostate Gland 
and the Urethra. Third edition, thoroughly revised and much 
condensed, by Samuel W. Gross, M.D. In one octavo volume of 
674 pages, with 170 illus. Cloth, $4 60. 

— A PRACTICAL TREATISE ON FOREIGN BODIES IN THE 



AIR PASSAGES. Inone 8vo. vol. of 468 pages. Cloth, $2 76. 

0ROSS (SAHITEL W.) A PRACTICAL TREATISE ON IMPO- 
TENCE, STERILITY, AND ALLIED DISORDERS OF THE 
MALE SEXUAL ORGANS. New (third) edition. In one hand- 
some octavo vol. of 163 pages, with 16 illustrations. Cloth, $1 60. 
Just ready, 
jJABERSHON (S. 0.) ON THE DISEASES OF THE ABDOMEN, 
•'-'• AND OTHER PARTS OF THE ALIMENTARY CANAL. Second 
American, from the third English edition. In one handsome 8vo. 
volume of 664 pages, with illus. Cloth, $3 60. 
ITAHILTON (ALLAN McLANE). NERVOUS DISEASES, THEIR 
^ DESCRIPTION AND TREATMENT. Second and revised edition. 
In one octavo volume of 698 pages, with 72 illustrations. Cloth, $4. 
TTAMILTOir (FRANK H.) A PRACTICAL TREATISE ON FRAC- 
^ TURES AND DISLOCATIONS. Seventh edition, thoroughly re- 
vised. In one handsome 8vo. vol. 'of 998 pages, with 362 illustra- 
tions. Cloth, $6 60; leather, $6 60; very handsome half Russia, 
$7 00. 
TTARTSHORNE (HENRY). A HOUSEHOLD MANUAL OF MEDI- 
■^ CINE, SURGERY, NURSING, AND HYGIENE ; for Daily Us© 
in the Preservation of Health, and Care of the Sick and Injured. 
With an Introductory Outline of Anatomy and Physiology. In one 
very handsome royal octavo volume of 946 pages, with 283 engrav- 
ings and 8 plates. Cloth, $4 ; very handsome half Morocco, $6. 

ESSENTIALS OF THE PRINCIPLES AND PRACTICE OF 

MEDICINE. Fifth edition. In one 12mo. volume, 669 pages, 
with 144 illustrations. Cloth, $2 76 ; half bound, $3. 

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 

12mo. volume of 310 pages, with 22(1 illustrations. Cloth, $1 7$. 

A CONSPECTUS OF THE MEDICAL SCIENCES. Com- 



prising Manuals of Anatomy, Physiology, Chemistry, Materia 
Medica, Practiee of Medicine, Surgery and Obstetrics. Second 
edition. In one royal 12mo. volume of 1028 pages, with 477 lllttf- 
trations. Cloth, $4 26 ; leather, $6 00. 
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^ERMAUK (L.) experimental pharmacology, a Hand. 

book of the Methods for Determining the Physiological Actions of 

Drugs. Translated by Robert Meade Smith, M.D. In one 12mo. yoI. 

of 199 pages, with 32 illastrations. Cloth, $1 50. 
mLL (BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS Dig- 

ORDERS In one 8vo. volume of 479 pages. Cloth, $3 25. 
gILLIER (THOMAS). A HANDBOOK OP SKIN DISEASES. 2ded. 
In one royal 12mo. volume of 853 pages, with two plates. Cloth, 

$2 25. 
•□[OBLYN (RICHARD D.) A DICTIONARY OF THE TERMS USED 
•"^ IN MEDICINE AND THE COLLATERAL SCIENCES. In one 

12mo. vol. of 520 double-columned pp. Cloth, $1 50 ; leather, $2. 

rrODGE (HUGH L.) ON DISEASES PECULIAR TO WOMEN, IN- 
•"■ CLUDING DISPLACEMENTS OF THE UTERUS. Second and 
revised edition. In one 8vo. volume of 519 pages. Cloth, $4 50. 
. THE PRINCIPLES AND PRACTICE OP OBSTETRICS. In onfi 



large 4to. vol. of 542 double-columned pages, illustrated with large 
lithographic platescontaining 159 figuresfrom original photographs, 
and 110 woodcuts. Strongly bound in cloth, $14. 

O'OFFlfAKN (FREDERICK) AND POWER (FREDERICK B.) A 
""• MANUAL OP CHEMICAL ANALYSIS, as Applied to the Examina- 
tion of Medicinal Chemicals and their Preparations. Third edition, 
entirely rewritten and much enlarged. In one handsome octavo 
volume of 621 pages, with 179 illustrations. Cloth, $4 25. 

UOLDEN (LUTHER) . LANDMARKS, MEDICAL AND SURGICAL. 
*^ Prom the third English edition. With additions, by W. W. Keen, 
M.D. In one royal 12mo. vol. of 148 pp. Cloth, $1. 

gOLLAND (SIR HENRY). MEDICAL NOTES AND REFLECTIONS. 
From 3d English ed. In one 8vo. voL of 493 pp. Cloth, $3 50. 

UOLMES (TIMOTHY). A SYSTEM OF SURGERY. With notes and 
additions by various American authors. Edited by John H. Packard, 
M.D. In three very handsome 8vo. vols, containing 3137 double- 
oolumned pages, with 979 woodcuts and 13 lithographic plates; 
Cloth, $18; leather, $21; yery handsome half Russia, raised bandfl, 
$22 50. For sale hy subscription only. 

'□'ORHER (WILLIAM £.) SPECIAL ANATOMY AND HISTOLOGY . 

Eighth edition, revised and modified. In twolargeSvo. vols, of 1007 

pages, containing 320 woodcuts. Cloth, $6. 
TTUDSON (A.) LECTURES ON THE STUDY OF FEVER. In 
"^ one octavo volume of 308 pages. Cloth, $2 50. 
UUTCHIKSON (JONATHAIT). SYPHILIS. Preparing. Bw Series 

of Clinical Manuals^ p. 18. 
OTDE (JAMES KEVINS). A PRACTICAL TREATISE ON DISEASES 
- OF THE SKIN. In one handsome octavo volume of 570 pages, 

with 66 illust. Cloth, $4 25; leather, $5 25. 
JOKES (G. HAKDFIELD). CLINICAL OBSERVATIONS ON FUNC 
^ TIONAL NERVOUS DISORDERS. Second American edition. In 

one oetavo volume of 340 pages. Cloth, $3 25. 
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JUMR (HBHET) A HANDBOOK OF OPHTHALMIC SCIENCB 

" AND PRACTICE. In one 8vo. volume of 460 pages, with 125 wood- 
outs, 27 ohromo-Hthographio plates test types of Jaeger and Snellen 
and Holmgren^s Color blindness test. Cloth, $4 50 ; leather, $5 59. 

^IHO (A. F. A) A MANUAL OF OBSTETRICS. New (third) 
edition. In one 12mo. volame of 373 pages, with 102 illustrations. 
Cloth, $2 26. 

J^LEIN (E) ELEMENTS OF HISTOLOGY. In one pocket-siae 
12mo. volume of 360 pages, with 181 engravings. Cloth, $1 50. 
See Students' Series of Manuals, page 14. 

TANDIS (HENRY G) THE MANAGEMENT OF LABOR. In one 
handsome 12mo. volume of 329 pages, with 28 illus. Cloth, $1 75. 

T A ROCHE (R.) YELLOW FEVER. In two 8vo. vols, of 1468 pages. 

•^ Cloth, $7. 

PNEUMONIA. In one 8vo. vol. of 490 pages. Cloth, $3. 

T AURENCE (J. Z.) AND MOON (ROBERT C.) A HANDY-BOOK 

^ OF OPHTHALMIC SURGERY. Second edition, revised by Mr. 

Laurence. In one 8vo. vol. pp. 227, with 66 illus. Cloth, $2 75. 

T AWSON (GEOR&E) . INJURIES OF THE EYE, ORBIT AND EYE- 

LIDS. From the last English edition. In one handsome octavo 

volume of 404 pages, with 92* illustrations. Cloth, $3 50. 

T EA (HENRY C.) SUPERSTITION AND FORCE ; ESSAYS ON THE 

•" WAGER OF LAW, THE WAGER OF BATTLE, THE ORDEAL 

AND TORTURE. Third edition, thoroughly revised and greatly 

enlarged. In one ]\andsome royal 12mo. vol. pp. 552. Cloth, $2 50. 

STUDIES IN CHURCH HISTORY. The Riseof the Temporal 

Power — Benefit of Clergy — Excommunication. New edition. In 
one handsome 12mo. vol. of 605 pp. Cloth, $2 50. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 

IN THE CHRISTIAN CHURCH. Second edition. In one (land- 
some octavo volume of 684 pages. Cloth, $4 50. 

TEE (HENRY) ON SYPHILIS. In oneSvo volume of 246 pages. 

^ Cloth, $2 25. 

T EHMANN (C. G.) A MANUAL OF CHEMICAL PHYSIOLOGY. 
In one 8vo. vol. of 327 pages, with 41 woodcuts. Cloth, $2 25. 

TEISHMAN (WILLIAM) . A SYSTEM OF MIDWIFERY. Includ- 
ing the Diseases of Pregnancy and the Puerperal State. Third 
American, from the third English edition. With additions, by 
J. S. Parry, M.D. In one octavo volume of 740 pages, with 205 
illustrations. Cloth, $4 50 ; leather, $5 50 ; half Russia, $6. 

T TJCAS (CLEMENT). DISEASES OF THE URETHRA. Preparing. 
See Series of Clinical Manuals^ p. 13. 

T UDLOW (J. L.) A MANUAL OF EXAMINATIONS UPON ANAT- 

•" OMY, PHYSIOLOGY, SURGERY, PRACTICE OF MEDICINE, 
OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHARMACY 
AND THERAPEUTICS. To which is added a Medical Formulary. 
Third edition. In one royal 12mo. volume of 816 pages, with 370 
woodcuts. Cloth, $3 25 ; leather, $3 75. 

T YONS (ROBERT D.) A TREATISE ON FEVER. In one octavo 

^ volume of 362 pages. Cloth, $2 25. 
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TUTAISCH (JOHN M.) A MANUAL OF ORaANIC MATERIA MED- 

lOA. New edition. In one handsome 12mo. rolame of 526 pages, 

with 242 beautiful illustrations. Oloth, $3. 
AESH (HOWARD). DISEASES OF THE JOINTS. In one 12mo. 

Tolnme of 468 pages, with 64 illustrations and a colored plate. 

Oloth, $2. Just ready. See Series of Cluneal Manttals^ p. 13. 
TUT AY (C. H.) MANUAL OP THE DISEASES OP WOMEN. For the 

use of Students and Practitioners. In one 12mo. volume of 342 

pages. Oloth, $1 75. 
EIGS (CHAS. D.) ON THE NATURE, SIGNS AND TREATMENT 

OF CHILDBED FEVER. In oneSvo. vol. of346 pages. Cloth, $2. 
ILLER (JAMES). PRINCIPLES OF SURGERY. Fourth American, 

from the third Edinburgh edition. ' In one large octavo volume of 

688 pages, with 240 illustrations. Cloth, $3 75. 
ILLEB (JAMES). THE PRACTICE OF SURGERY. Fourth 

American, from the last Edinburgh edition. In one large octavo 

volume of 682 pages, with 364 illustrations. Cloth, $3 75. 
ITCHELL (8. WEIB). LECTURES ON NERVOUS DISEASES. 

ESPECIALLY IN WOMEN. Second edition. In one 12mo. vol- 
ume of 288 pages. Cloth, $1 75. 
DERIS (HENRY). SURGICAL'DISEASES OP THE KIDNEY. 

12mo., 554 pages, 40 woodcuts, and 6 colored plates. Cloth, $2 25. 

See Series of Clinical Manuals, p. 13. 
OEEIS (MALCOLM). SKIN DISEASES: Including their Defini- 

tions. Symptoms, Diagnosis, Prognosis, Morbid Anatomy and 

Treatment. A Manual for Students and Practitioners. In one 

12mo. vol. of 316 pages, with illustrations. Cloth, $1 75. 
ULLEE (J.) PRINCIPLES OP PHYSICS AND METEOROLOGY. 

In one large 8vo. vol. of 623 pages, with 538 cuts. Cloth, $4 50. 
|JBILL (JOHN) AND SMITH (FRANCIS G.) A COMPENDIUM OF 
^^ THE VARIOUS BRANCHES OP MEDICAL SCIENCE. In one 

handsome 12mo. volume of 974 pages, with 374 woodcuts. Cloth, 

$4,' leather, raised bands, $4 75. 
■RTETTLESHIP'S STUDENT'S GUIDE TO DISEASES OP THE EYE. 

New (third) edition. In one royal 12rao. volume of about 425 pages, 

with about 150 illustrations. In press. 
^JOBEIS AND OLIVEB ON THE EYE. In one 8vo. volume of abont 

500 pages, with illustrations. Preparing. 
QWEN (EDMUND). SURGICAL DISEASES OF CHILDREN. 12mo., 

525 pages, 85 woodcuts, and 4 colored plates. Cloth, $2. See Series 

of Cli?iieal Manuals, p. 13. 
pAEBISH (EDWAED) . A TREATISE ON PHARMACY. With many 

FormulsB and Prescriptions. Fifth edition, enlarged and thoroughly 

revised by Thomas S. Wiegand, Ph.G. In one octavo volume of 

1093 pages, with 257 illustrations. Cloth; $6 ; leather, $6. 
pAEBY (JOHN S.) EXTRA-UTBRINB PREGNANCY, ITS CLIN- 
^ ICAL HISTORY, DIAGNOSIS, PROGNOSIS AND TREAT- 

MENT. In one octavo volume of 272 pages. Cloth, $2 50. 
pAEVIN (THEOPHILUS). A TREATISE ON MIDWIFERY. In one 

handsome 8vo. volume of 697 puges, with 214 engravings and a 

colored plate. Cloth, |4 25; leather, $5 25, Ju»t ready. 
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pAVY (F. W.) A TREATISE ON THE FUNCTION OF DIGESTION. 
^ ITS DISORDERS AND THEIR TREATMENT. From the second 

London edition. In one octavo rolnme of 238 pages. Cloth, $2. 
pEPPER (A. J.) FORENSIC MEDICINE. In press. See StudmU' 

Series of Manuals^ p. 14. 
SURGICAL PATHOLOer. In one 12ino. volume of 511 page«, 

with 81 illns. Cloth, $2. See Students^ Series of Manuals, p. 14. 
piGK (T. PIGKERINO). FRACTURES AND DISLOCATIONS. 

In one 12mo. rolame of 530 pages, with 93 illastrations, Cloth, $2. 

See Series of Clinical Manuals, p. 18. 
piRRIE (WILLIAM). THE PRINCIPLES AND PRACTICE OF SUR 

GERT. In one handsome octaro volume of 780 pages, with 316 

illustrations. Cloth, $3 75. 
pLATFAIR (W. S.) A TREATISE ON THE SCIENCE AND PRAC- 
^ TICE OF MIDWIFERY. New (fourth) American from the fifth 

English edition. Edited, with additions, by R. P. Harris, MID. 

In one octavo volitme of 653 pages, with 201 woodonts and three 

plates. Cloth, f4; leather, $5; half Russia, raised bands, $5 50. 
— THE SYSTEMATIC TREATMENT OP NERVE PROSTRA- 

TION AND HYSTERIA. In one 12mo. vol. of 07 pages. Cloth, $1. 
pOLITZEB (ADAM). A TEXT-^OOK OF THE EAR AND ITS DIS- 
EASES. Translated at the Author's request by James Patterson 

Cassells, M.D., F.F.P.S. In one handsome octav« volume of 800 

pages, with 257 original illustrations. Cloth, $5 50. 
pOWER (HENRY). HUMAN PHYSIOLOGY. In one 12mo. volume 
^ of 396 pages, with 47 illustrations. Cloth, $1 50. See Students' 

Series of Manuals page 14. 
piTEDY ON HEIGHT'S DISEASE AND ALLIED AFFECTIONS OP 
*'' THE KIDNEY. Octavo, 288 pp., with 18 handsome Ulus. Cloth, $2: 
t>ALF£ (CHARLES H.) CLINICAL CHEMISTRY. In one 12mo. 

volume of 314 pages, with 16 illustrations. Cloth, $1 50. Se6 

Students* Series ^ Manuals^ page 14. 
pAMSBOTHAM (FRANCIS H.) THE PRINCIPLES AND PRAC- 
■'* TICE OF OBSTETRIC MEDICINE AND SORGERY. Inoneim- 

perial octavo volume of 640 pages, with 64 plates, besides numerous 

woodcuts in the te^t. Strongly bound in leather, $7. 
T) EMSEN (IRA) . THE PRINCIPLES OF CHEMISTRY. New (third) 

edition. In one 12mo. volume of about 240 pages. Preparing, 
REYNOLDS (J. RUSSELL). A SYSTEM OF MEDICINE. Edited^ 

- withNotesand Additions, by HrnryHartshoritb, ]&i.D. In three 
large 8vo. vols., containing 3056 closely printed donbIe>columned 
pages, with 317 illustrations. Per volume, cloth, $5 ; leather, $6 j 
very handsome half Russia, $6 50. For sale hy subscription onljf. 

piCHARDSON (BENJAMIN W.) PREVENTIVE MEDICINE. In 

one octavo vol. of 729 pp. Clo , $4 j leather, $5 j half Russia, $5 50. 

pOBERTS (JOHN B.) THE PRINCIPLES AND PRACTICE OF 

^ SURGERY. In one octavo volume of about 500 pages, fully illus- 

trated. Preparing, 

THB COMPBND OF ANATOMY. For use in the Dissecting 

Room and in preparing for Examinations. In one 16mo. volume of 
196 pages. Limp eloth,, 75 Mnts. ^ 
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■pOBERTS (WILLIAM). A PRACTICAL TREATISE ON URINARt 
•"' AND RENAL DISEASES, INCLUDING URINARY DEPOSITS. 

Fourth American, from the fourth London edition. In one very 

handsome 8yo. vol. of 609 pnges, with 81 illuftrations. Cloth, $3 50. 
•pOBEETSON (J. MeOREGOE). PHYSIOLOGICAL PHYSICS. In 
^ one 12mo. volume of 537 pages, with 219 illustrations. Cloth, $2 00. 

See Students* Series of Manuals, p. 14. 
-pOSS (JAMES). A HANDBOOK OF THE DISEASES OF THB 
-^ NERVOUS SYSTEM. In one handsome octavo volume of 726 pages, 

with 184 illustrations. Cloth, $4 50 ; leather, $5 50. 
OAVAGE (6E0BGE H.) INSANITY AND ALLIED NEUROSES, 
•^ PRACTICAL AND CLINICAL. In one 12mo. volume of 651 pages, 

with 18 typical illustrations. Cloth, $2 00. See Series of Clinical 

Manuals, p. 13. 
qCHAFEB (EDWABD A.) THE ESSENTIALS OF HISTOLOGY, 
"^ DESCRIPTIVE AND PRACTICAL. For the use of Students. In 

one handsome octavo voldme of 246 pages, with 281 illustrations. 

Cloth, $2 25. 

qCHMITZ AND ZUMPrS CLASSICAL SERIES. In royal 18mo. 

•^ ADVANCED LATIN EXERCISES. Cloth, 60 cents ; half bound, 

70 cents. 
SALLUST. Cloth, 60 cents; half bound, 70 cents. 
NEPOS. Cloth, 60 cents ; half bound, 70 ots. 
VIRGIL. Cloth, 85 cents; half bound, $1. 
CURTIUS. Cloth, 80 cents; half bound, 90 cents. 

OCHOEDLEB (FREDERICK) ANDHEOLOCK(HEKRT). WONDERS 

OF NATURE. An elementary introduction to the Sciences of 

Physics, Astronomy, Chemistry, Mineralogy, Geology, Botany, Zool- 

ogy and Physiology. In one 8vo. vol., with 679 illus. Cloth, $3. 

qCHREIBER (JOSEPH). A MANUAL OF TREATMENT BY MAS- 

^ SAGE AND METHODICAL MUSCLE EXERCISE. Translated 

by Walter Mendelson, M.D., of New York. In one handsome octavo 

volume of 274 pages, with 117 fine engravings. Cloth, $2 75. 

Just ready. 

SEILER (CARL). A HANDBOOK OF DIAGNOSIS AND TREAT- 
MENT OF DISEASES OF THE THROAT AND NASAL CAV- 
ITIES. Second edition. In one very handsome 12mo. volume of 
294 pages, witt 77 illustrations. Cloth, $1 75. 

SERIES OF CLINICAL MANUALS A series of authoritative mono- 
' graphs on important clinical subjects, in 12mo. volumes of about 550 
pnges, well illustrated. The following volumes are now ready: 
Marsh on Diseases of the Joints ($2) ; Morris on Surgical Diseases 
of the Kidney ($2.25) ; Owen on Surgical Diseases of Children ($2) ; 
Pick on Fractures and Dislocations (cloth, $2) ; Butlin on the Tongue 
(cloth, $3 50) ; Savage on Insanity and Allied Neuroses (cloth, $2), 
and Treves on Intestinal Obstruction (cloth, $2) . The following are 
in press : Hutchinson on Syphilis ; Bryant on the Breast ; Broadbent 
on the Pulse ; Lucas on Diseases of the Urethra ; Ball on the Rectum 
and Anus ; Carter and Frost's Ophthalmic Surgery. 
For separate notices, see under various authors' names. 

JQIMON (W.) MANUAL OF CHEMISTRY. A Guide to Lectures 

^ and Laboratory work for Beginners in Chemistry. A Text-book 

specially adapted for Students of Pharmacy and Medicine. In one 

8vo. volume of 410 pages, with 16 woodcuts and 7 plates, largely 

of actual deposits. Cloth, $3 00. Also without plates, $2 50. 



14 LEA BROTHERS & CO.'S PUBUCATIONS. 

OKET (FREDERIC C.) OPERATIVE SURGERY In one 8to. vol. 

'^ of 661 pages, with 81 woodcuts. Cloth, $3 25. 

OLADE (D. D.) DIPHTHERIA ; ITS NATURE AND TREATMENT. 
Second edition. In one royal 12mo. toI. pp. 158. Cloth, $1 25. 

OMITH (EDWARD). CONSUMPTION ; ITS EARLY AND RBME- 
DIA6LE STAGES. In one 8to. yoI. of 253 pp. Cloth, $2 25. 

OMITH (J.LEWIS). A TREATISE ON THE DISEASES OF IN- 

^ FANCY AND CHILDHOOD. New (sixth) edition, revised and 
enlarged. In one large Svo. rolame of 867 pages, with 40 illastra- 
tions. Cloth, $4 50; leather, $5 50; half Rassia, $6. 

OMITH (STEPHEN). OPERATIVE SURGERY. New (second) and 
thoroughly revised edition. In one very handsome Svo. volome, 
of 892 pages, with 1005 illastrations. Cloth, $4 ; leather, $5. Just 
ready. 

OTILLB (ALFRED). CHOLERA, ITS ORIGIN, HISTORY, CAUSA- 

^ TION, SYMPTOMS, LESIONS, PREVENTION AND TREAT. 
MENT. In one handsome 12mo. volnme of 163 pages, with a chart 
showing routes of previous epidemics. Cloth, $1 25. 

OTILLlg (ALFRED). THERAPEUTICS AND MATERIA MEDIC A. 
Fourth revised edition. In two handsome octavo volumes of 1936 
pages. Cloth, $10; leather, $12 ; very handsome half Russia, $13. 

OTILLE (ALFRED) AND MAISCH (JOHN M.) THE NATIONAL 

^ DISPENSATORY: Containing the Natural History, Chemistry, 
Pharmacy. Actions and Uses of Medicines. Including those rec- 
ognized in the latest Pharmacopoeias of the United States, Great 
Britain and Germany, with numerous references to the French 
Codex. New (fourth) edition, revised to date and enlarged. In one 
magnificent imperial octavo volume of 1794 pages, with 311 accn- 
rate engravings on wood. Cloth, $7 25 ; leather, raised hands, $8 ; 
very handsome half Russia, raised bands and open back, $9. Also, 
furnished with Ready Reference Thumb- letter Index for $1 in addi> 
tion to price in any of the above styles of binding. Just ready, 

OTTTDENTS' SERIES OF MANUALS. A series of fifteen Manuals by 
eminent teachers or examiners. The volumes are pocket-size 
12mos. of from 300-540 pages, profusely illustrated, and bound in 
red limp cloth. The following volumes may now be announced : 
Brnce's Materia Medica and Therapeutics (fourth edition), $1 50 ; 
Treves* Manual of Surgery (monographs by 33 leading surgeons), 
3 volumes, each $2 00 ; BelPs Comparative Physiology and Anatomy, 
$2 00; Robertson's Physiological Physics, $2 00 ; Gould's Surgical 
Diagnosis, $2 00; Klein's Elements of Histology, $1 50; Pepper's 
Surgical Pathology, $2 00 ; Treves' Surgical Applied Anatomy, 
$2 00 ; Power's Human Physiology, $1 50 ; Ralfe's Clinical Chemis- 
try, $1 50; and Clarke and Lockwood's Dissector's Manual, $1 50. 
The following volumes are in press : Bellamy's Operative Surgery, 
Pepper's Forensic Medicine, and Curnow's Medical Applie 
Anatomy. 
For separate notices, see under various authors' names. 

OTIMSON (LEWIS A.) A PRACTICAL TREATISE ON FRAC- 

"^ TURES. In one handsome octavo volume of 584 pages, with 360 
beautiful illustrations. Cloth, $4 75 ; leather, $5 75. 
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OTIMSON (LEWIS A.). A MANUAL OF OPERATIVE SURGERY. 

New edition. In one royal 12m o. Tolume of 503 pages, with 342 

illustrations. Cloth, $2 50. 
OTOKES (W.) LECTURES ON FEVER. In one 8vo. volnme. 
*^ Cloth, $2. 

OTURGES (OCTAVIUS). AN INTRODUCTION TO THE STUDY 
*^ OF CLINICAL MEDICINE. In one 12mo. vol. Cloth, $1 25. 
rpANNEE (THOMAS HAWKE8) . A MANUAL OF CLINICAL MEDl- 
-■■ CINE AND PHYSICAL DIAGNOSIS. Third American from the 

second revised English edition. Edited by Tilbury Fox-, M. D. In 

one handsome 12mo. volume of 362 pp., with illus. Cloth, $1 50. 
ON THE SIGNS AND DISEASES OF PREGNANCY. From 



the second English edition. In one 8vo. volume of 490 pages, with 
four colored plates and numerous woodcuts. Cloth, $4 25. 

mAYLOR (ALFRED S.) MEDICAL JURISPRUDENCE. Eighth 
American from tenth English edition, specially revised by the 
Author. Edited by John J. Reese, M.D. In one large octavo 
volume of 937 pages, with 70 illustrations. Cloth, $5; leather, 
$6 ; very handsome half Russia, raised bands, $6 50. 

ON POISONS IN RELATION TO MEDICINE AND MEDICAL 

JURISPRUDENCE. Third American from the third London edi- 
tion. In one octavo volume of 788 pages, with 104 illustrations. 
Cloth, $5 50; leather, $6 50. 

THE PRINCIPLES AND PRACTICE OF MEDICAL JURIS- 



PRUDENCE. Third ed. In two handsome 8vo. vols, of 1416 pp., 
with 188 illustrations. Cloth, $10; leather, $12. 
rpHOMAS (T. 6AILLAR0). A PRACTICAL TREATISE ON THE 
•*■ DISEASES OF WOMEN. Fifth edition, thoroughly revised and 
rewritten. In one large and handsome octavo volume of 810 
pages, with 266 illustrations. Cloth, $5 ; leather, $6 ; very hand- 
some half Russia, $6 50. 
rpHOMPSON (SIBHEBRY). CLINICAL LECTURES ON DISEASES 
^ OF THE URINARY ORGANS. Second and revised edition. In 
one octavo volume of 203 pages, with illustrations. Cloth, $2 25. 
npHOMPSON (SIR HENEY). THE PATHOLOGY AND TREAT- 
^ MENT OF STRICTURE OF THE URETHRA-AND URINARY 
FISTULiE. From the third English edition. In one octavo vol- 
ume of 359 pages, with illustrations. Cloth, $3 50. 

TIDY (CHARLES MEYMOTT). LEGAL MEDICINE. Volumes I. 
and II. Two imperial octavo volumes containing 1193 pages, with 
2 colored plates. Per volume, cloth, $6; leather, $7. 

TODD (ROBERT BENTLEY) . CLINICAL LECTURES ON CERTAIN 
ACUTE DISEASES. In one8vo. vol. of 320 pp., cloth, $2 50. 

TREVES (FREDERICK). A MANUAL OF SURGERY. In Treatises 
by 33 leading surgeons. Three 12mo. volumes, containing 1866 
pages, with 213 engravings. Price per volume, $2. See Sttcdents^ 
Series of Manuals^ p. 14. 

SURGICAL APPLIED ANATOMY. In one 12mo. volume of 

540 pages, with 61 illustrations. Cloth $2 00. See Students^ Series 
of Manvals, page 14. 

INTESTINAL OBSTRUCTION. In one 12mo. volume of 522 

pages, with 60 illustrations. Cloth, $2 00. See Series of Clinical 
MaimalSi p. 13. 
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rnnKS(DAKIELHACK). THE INFLUENCE OF THE MIND UPON 

THE BODY. New edition. In one handsome Sto. vol. of 467 pageSi 

with 2 colored places. Cloth, $3. 

Yli^ITING LIST. TfiB MEDICAL NEWS VISITING LIST for 1887. 

Three sizM : for 30 patients per week (1 voL) ; 60 patients (2 vols.), 

and 90 patients (3 vols.). 240 pp. Handsomely bound in limp 

Morocco, wallet form, with tuck, pocket, pencil, robber, erasable 

tablet, and catheter scale. Price per volame, $1 25. Special rate 

to advance paying subscribers to The Medical News or The American 

Journal (see p. 1). With thnmb-letter index, 25 cents additional. 

TXTALSHE (W. H.) PRACTICAL TREATISE ON THE DISEASES 

'" OF THE HEART AND GREAT VESSELS. 3d American from the 

3d revised London edition. In one 8vo. vol. of 420 pages. Cloth, $3. 

WATSON (THOMAS). LECTURES ON THE PRINCIPLES AND 

*^ PRACTICE OF PHYSIC. A new American from the fifth and en- 

larged English edition, with additions by H. Hartshorn e, M.D. In 

twolargeSvo.vols.of 1840 pp., with 190 cuts. Clo.,$9; lea., $11. 

llirELLS (J. S0ELBEB6). A TREATISE ON THE DISEASES OF 

^^ THE EYE. New (fifth) edition, thoroughly revised. In one large 

and handsome octavo vol. of about 800 pages, with colored plates 

and about 300 woodcuts, as well as selections from the test-types 

of Jaeger and Snellen. Preparing. 

WEST (CHARLES). LECTURES ON THE DISEASES PECULIAR 

'^ TO WOMEN. Third American from the third English edition. In 

one octavo volume of 543 pages. Cloth, $3 75 ; leather, $4 75. 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. In one small 12mo. vol. of 127 pages. Cloth, $1. 
WILLIAMS (CHARLES J. B. and G. T.) PULMONARY CONSUMP 
^^ TION: ITS NATURE, VARIETIES AND TREATMENT. In 
one octavo volume of 303 pages. Cloth, $2 50. 
ILSON (ERASMUS). A SYSTEM OF HUMAN ANATOMY. A 
new and revised American from the last English edition. Illustrated 
with 397 engravings on wood. In one handsome octavo volume 
of 616 pages. Cloth, $4 ; leather, $5. 
— THE STUDENT'S BOOK OF CUTANEOUS MEDICINE. In 
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one handsome royal 12mo. vol. Cloth, $3 50. 
WINCKEL ON PATHOLOGY AND TREATMENT OF CHILDBED. 

With additions by the Author. Translated by James R. Chadwick, 

A.M. , M.D. In one handsome 8vo. vol. of 484 pages. Cloth, $4. 
WOHL£B*S OUTLINES OF ORGANIC CHEMISTRY. Translated 

from the 8th German edition, by IraRem8en,M.D. In one 12mo. 

volume of 550 pages. Cloth, $3 00. 
WOOBHEAB (G. &IMS). PRACTICAL PATHOLOGY. A Manual 

for Students and Practitioners. In one beautiful octavo vol. of 497 

pages, with 136 exquisitely colored illus. Cloth, $6. 

TTSAR-BOOK OF TREATMENT FOR 1886. A Comprehensive and 
^ Critical Review for Practitioners of Medicine. In contributions 

by 22 well-known medical writers. ]2mo., 325 pp. Limp cloth, $1 25. 

For special rate with The Medical News and The American Journal 

of the Medical Sciences, see page 1. 

YEAR-BOOK OF TREATMENT FOR 1885. SimUar to above. 12mo., 
J> 320 pages. Limp cloth, $1 25. 
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